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PREFACE 


Dr.  BRADLEY'S  Manuscripts  were  given  by  his  son-in-law,  the 
Rev.  Samuel  Peach,  to  Lord  North,  who  presented  them  to  the 
University  of  Oxford,  of  which  he  was  then  Chancellor :  they  were 
placed  in  the  hands  of  Dr.  Hornsby,  Savilian  Professor  of  Astro- 
nomy, with  a  view  to  publication  ;  and  the  observations  made  with 
the  new  instruments  at  Greenwich,  from  1750  to  1762,  were  printed 
at  the  University  Press.  The  original  books,  containing  these  and 
the  other  Greenwich  observations,  were  then  deposited  in  the  Bod- 
leian Library,  with  a  small  number  of  loose  pajwrs  (in  one  of  them) 
from  which  some  additions  had  been  made  to  the  original  publica- 
tion. Repeated  inquiries  have  of  late  years  been  made  for  Brad- 
ley's other  remains ;  but  no  traces  of  them  could  be  found,  until 
by  a  combination  of  fortunate  circumstances  it  was  discovered 
that  very  many  were  still  extant  among  Dr.  Hornsby's  own  papers. 
A  representation  of  the  fact  having  been  made  to  his  family,  they 
were  readily  restored  to  the  University ;  and  as  I  had  been  the 
means  of  recovering  them,  they  were  in  the  summer  of  1 829  placed 
in  my  hands,  with  a  request  that  I  would  prepare  for  the  press 
whatever  might  be  found  fit  for  publication. 

The  task  was  not  easy.  The  papers  were  in  great  confusion; 
and  it  was  necessary  to  look  repeatedly  through  the  whole  before 
even  a  general  arrangement  of  them  could  be  made.  A  more 
minute  examination  required  further  time:  sometimes,  a  whole 
book  full  of  calculations  afforded  little  for  the  object  in  view; 
and  at  others,  a  memorandum  on  a  scrap  of  paper,  or  on  the 
back  of  a  letter,  conveyed  information,  which  was  not  to  be 
found  elsewhere.  It  was  necessary  to  look  to  every  thing;  and 
after  a  second  and  a  third  revision,  there  was  more  than  one 
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instance  in  which  I  had  the  mortification  of  discovering  some  pre- 
vious oversights.  This  was  more  particularly  the  case  in  collecting 
the  Miscellaneous  Observations,  which  are  printed  p.  S39 — S80. 
These  were  found,  some  in  books,  others  on  loose  paper,  sometimes 
interspersed  among  other  entries,  and  sometimes,  when  not  mixed 
up  with  different  matter,  disjointed  from  their  chronological  order. 
The  printed  sheets  were  always  carefully  corrected  by  the  ori- 
ginals ;  but  even  after  the  short  interval  from  the  copy's  being  set 
up  at  the  press,  it  has  often  required  an  effort  of  recollection,  to 
recover  the  place  from  whence  a  particular  observation  was  tran- 
scribed. This  perplexity,  it  is  hoped,  will  be  deemed  a  sufficient 
excuse  for  the  few  which  are  printed  out  of  their  regular  places  at 
p.  380. 

It  was  soon  seen  that  the  Kew  and  Wansted  observations  would 
be  incomplete  without  the  accounts  that  Bradley  had  himself 
printed  of  the  discoveries  which  they  enabled  him  to  make.  A 
similar  difficulty,  though  not  so  strong,  occurred,  with  respect  to 
other  papers ;  and  as  Bradley's  works  had  never  been  collected,  I 
thought  it  desirable  to  take  this  opportunity  of  bringing  together 
as  much  as  possible  from  what  could  !>e  found  of  his  writing,  either 
in  print  or  manuscript.  What  had  been  previously  published  was 
so  little,  that  some  time  elapsed  before  I  could  satisfy  myself  that 
there  was  not  more  than  I  had  been  able  to  meet  with ;  and  after 
a  careful  search  for  any  new  matter  which  might  be  added  to  that 
which  had  now  been  found,  I  met  with  no  success  but  at  Green- 
wich, where,  from  Bradley's  handwriting  being  familiar  to  me,  I 
was  able  to  discover  some  books  and  papers  which  were  not  noticed 
as  his  in  the  Catalogues.  For  the  readiest  and  most  effectual  assist- 
ance in  this  search,  and  for  much  information  relative  to  the  Ob- 
servatory, I  am  indebted  to  Mr.  Taylor,  who  has  now  been  con- 
nected with  the  establishment  for  nearly  five  and  twenty  years. 
The  Astronomer  Royal  gave  me  the  free  use  of  all  that  I  found ; 
and,  although  it  was  not  considerable  in  bulk,  it  supplied  me  with 
several  valuable  particulars. 
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Among  Harriot's  papers  there  were  known  to  be  observations  of 
Halley's  comet  when  it  appeared  in  1607;  and  through  the  Rev. 
T.  Sockett,  Rector  of  Petworth,  I  applied  to  the  Earl  of  Egremont 
for  permission  to  examine  them.  His  Lordship  was  kind  enough, 
not  only  to  intrust  me  with  the  originals,  but  to  allow  me  to 
make  use  of  any  part  that  I  might  wish  to  publish;  and  I  thought 
that  the  Appendix,  which  will  be  found  at  p.  511,  would  be  a 
valuable  and  appropriate  addition  to  Bradley's  observations  of  the 
same  comet  in  1759- 

In  the  examination  of  Bradley's  papers  many  notices  occurred  of 
what  was  either  entirely  new,  or  only  imperfectly  known ;  there  were 
several  particulars  likewise  connected  with  them,  which  were  pass- 
ing fast  into  oblivion.  It  is  probable  that  no  one,  for  a  long  time, 
will  again  undertake  to  look  through  them  so  minutely  as  it  was 
incumbent  on  me  to  do,  in  the  discharge  of  the  duty  that  I  had 
undertaken;  and  I  felt  unwilling  to  leave  any  call  on  others  to 
spend  their  time  on  what  had  already  occupied  so  much  of  mine. 
Now  many  of  these  notices  were  of  such  a  nature,  that,  if  intro- 
duced into  the  body  of  the  publication,  they  would  have  required 
many  notes  of  explanation  sometimes  longer  than  themselves. 
Again,  it  was  repeatedly  found  that  papers,  the  whole  of  which  did 
not  require  to  be  printed,  admitted  of  extracts  being  made  from 
them  that  were  well  worth  preserving.  These  were  all  connected 
more  or  less  with  Bradley's  studies  and  pursuits  and  they  threw 
new  light  on  the  objects  which  engaged  his  attention.  It  appeared, 
therefore,  that  they  could  be  presented  to  the  world  in  no  way, 
which  would  make  them  more  clear  or  more  useful,  than  if  they 
were  connected  with  a  narrative  of  his  progress  through  life.  It 
was  impossible,  likewise,  not  to  feel  a  deep  interest  about  such  a 
man,  when  I  was  in  the  daily  habit  of  studying  his  works,  and  of 
being  brought,  as  it  were,  so  much  nearer  to  him,  by  having  them 
as  they  came  immediately  from  his  own  hand.  All  this  naturally 
led  to  an  inquiry  into  his  personal  history;  and  it  was  found  that 
there  was  hardly  any  thing  generally  known  of  it  but  what  was  con- 
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tained  in  a  few  pages  of  the  Supplement  to  the  Biographical 
Dictionary,  (8V0.  1767,)  and  in  the  Eloge,  which  was  pronounced 
on  him  by  De  Fouchy,  before  the  Royal  Academy  of  Sciences  at 
Paris,  in  1762 :  but  these  were  evidently  both  drawn  up  from  the 
communications  of  those,  who  were  personally  acquainted  with  him. 

Seventy  years  have  nearly  elapsed  since  the  death  of  Bradley,  and 
the  generation  of  those  who  knew  him  has  passed  away;  some  little, 
however,  might  be  expected  to  remain  in  traditionary  remembrance. 
The  rapid  course  of  time  would  soon  have  swept  away  that  little, 
and  have  impaired  some  of  the  means,  which  are  still  in  our  power, 
for  understanding  what  may  exist  in  written  documents.  It  seemed 
desirable,  therefore,  to  try  what  might  yet  be  collected;  and  though 
it  proved  to  be  far  short  of  what  could  be  wished,  I  indulge  the 
hope  of  its  being  authentic  and  accurate.  I  have  in  every  instance 
in  my  power  derived  my  information  from  original  authorities,  and 
have  done  my  best  to  verify  the  facts  and  dates  which  are  taken 
from  printed  accounts :  wherever  I  thought  any  thing  was  to  be 
learned,  I  did  not  hesitate  in  making  inquiries;  and  they  were  uni- 
formly met  with  a  kindness  and  liberality  which  claim  my  wannest 
acknowledgments. 

There  are  many  to  whom  the  expression  of  my  thanks  for  their 
assistance  will  be  more  suitable,  if  offered  individually;  but  there 
are  others  whose  names  I  ought  not  to  suppress,  not  only  because 
in  some  instances  my  sole  pretensions  for  addressing  them  were  on 
public  grounds,  but  because  in  others  it  will  give  authority  to  my 
statements,  when  the  sources  are  known  from  which  they  are  de- 
rived. 

To  the  Rev.  Daniel  Lysons,  who  passed  much  of  his  earlier  life 
in  the  closest  intimacy  with  his  uncle  Mr.  Peach,  who  married 
Dr.  Bradley's  daughter,  I  am  indebted  for  an  account-book  of  Mr. 
Pound',  from  which  several  interesting  particulars  were  collected : 

»  Mr.  Lysons  is  likewise  in  poSKMWa  of  Pound's  account  of  the  Massacre  at  Pulo 
Condore,  and  of  the  watch  which  Graham  made  for  Bradley — possibly  the  very  watch 
alluded  to  in  P.  420. 
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and  the  communications  which  I  received  from  him  and  Rich.  Best, 
Esq. b  of  Greenwich,  were  of  the  greatest  service  in  tracing  out  Dr. 
Bradley's  family  and  connections. 

To  J.  Shephard,  Esq.  the  Bishop  of  London's  Registrar,  I  am 
indebted  for  the  particulars  of  Bradley's  ordination  as  deacon. 

Archbishop  Wake's  papers  are  preserved  in  the  library  at  Christ 
Church,  and  by  the  permission  of  the  Dean  and  Canons  the  extracts 
were  made  from  them  respecting  the  election  to  the  Savilian  Pro- 
fessorship of  Astronomy. 

The  Rev.  E.  Bowlby,  of  Ilford,  gave  me  his  assistance  in  search- 
ing for  the  house  in  which  Mrs.  Pound  resided  after  her  husband's 
death ;  and  the  Rev.  W.  Gilly,  Rector  of  Wansted,  so  zealously 
cooperated  in  this  inquiry,  that  at  his  request  the  Hon.  Mrs. 
Rushout  was  induced  to  take  the  trouble  of  examining  her  title- 
deeds,  to  ascertain  the  limits  of  Mr.  Wymondesold's  property. 

To  the  Earl  of  Macclesfield  my  acknowledgments  are  most  espe- 
cially due :  for  he  not  only  admitted  my  repeated  applications  to 
him,  but  gave  me  all  the  information  in  his  power,  and  allowed  me 
freely  to  make  use  of  the  manuscripts  in  his  valuable  library. 

To  Dr.  Brewster  I  am  indebted  for  taking  the  trouble  of  inquir- 
ing for  me  into  a  fact,  which  I  might  otherwise  have  had  consider- 
able difficulty  in  verifying.  Wishing  to  refer,  as  far  as  I  was  able, 
in  every  instance  to  those  who  were  best  acquainted  with  the  sub- 
ject, I  communicated  with  Capt.  Kater  on  the  pendulum  experi- 
ments, and  with  Sir  J.  Herschell  on  the  early  observations  of  Castor 
and  y  Virginis.  I  have  to  offer  my  thanks  to  them  for  their  atten- 
tion, as  well  as  to  the  Rev.  W.  Lax,  who  upon  this  occasion,  as 
upon  every  other  for  a  series  of  years,  has  proved  to  me  the 
warmth  and  constancy  of  his  friendship.  But  there  is  no  one  to 
whom  I  am  so  much  indebted  as  to  the  Bishop  of  Cloyne — I  add 
no  epithet  to  the  advice  which  he  gave  me — the  name  of  Dr. 

b  For  Mr.  Best's  connection  with  Bradley,  see  p.  xi.  note  »:  be  gave  me  Bradley's 
coat  of  arms,  which  is  engraved  under  the  portrait  which  is  prefixed  to  this  volume. 
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Brinkley  is  sufficient  to  suggest  its  value  to  all  who  have  any  know- 
ledge of  astronomy;  but  I  must  express  my  deep  sense  of  the  kind- 
ness with  which  that  advice  was  given,  and  which  increased  while 
it  endeavoured  to  lighten  the  obligation. 

How  far  due  advantage  has  been  taken  of  such  opportunities,  it 
rests  with  others  to  decide.  1  will  only  observe,  that  the  present 
publication  is  not  one  which  was  undertaken  by  choice,  for  which 
materials  had  been  already  collected,  and  the  composition  of  which 
could  be  carried  on  at  leisure :  the  task  came  upon  me  most  unex- 
pectedly, and  there  were  many  reasons  which  militated  against 
delay  in  the  execution  of  it.  I  could  therefore  only  build  on  an 
imperfect  stock  of  previous  information,  add  what  could  be  learned 
as  I  went  on,  and  reduce  the  whole  into  the  best  order  that  was 
practicable,  during  the  occasional  intervals  of  other  occupations, 
which  had  the  first  claim  on  my  time  and  thoughts. 

These  circumstances  will  account  for  my  duties  as  editor  not 
having  been  in  some  respects  more  completely  executed.  I  could 
have  wished,  likewise,  to  have  reduced  the  observations,  and  ascer- 
tained their  particular  results  before  they  went  out  to  the  world : 
but  if  I  had  attempted  this  additional  object,  the  publication  must 
have  been  deferred  to  a  much  later  period.  I  determined,  there- 
fore, not  to  indulge  my  own  gratification  at  the  expense  of  public 
expectation ;  but  to  satisfy  myself  with  executing  what  was  most 
useful.  I  may  be  contented  with  having  reclaimed  and  prepared 
the  ground,  and  I  must  not  impede  others  who  would  join  in  the 
cultivation  of  it. 

S.  P.  RIGAUD. 

Radclipfb  Observatory, 
Oxford,  Nov.  29, 1831. 
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CHAP.  I. 

His  Family — Education — Residence  with  hit  uncle  at  Wans  ted — Early  observations — Ordi- 
nation and  preferment  in  the  Church — Election  to  the  Savilian  Professorship  of  Astronomy — 
Paper  on  the  Comet  of  1723— Death  of  Pound — Paper  on  the  Longitudes  of  Lisbon  and 
New  York. 

The  Bradley  s  arc  an  ancient  family,  having  becu  settled,  as  far  back  as  the  four- 
teenth century,  at  Bradley  Castle,  near  Wolsingham,  in  the  county  of  Durham.  A 
branch  of  them  jwssed  into  Yorkshire,  some  of  whose  descendants  became  stewards  to 
the  Guises  of  Rcndscombc,  and  settled  in  consequence  near  Cirencester.  This  could  not 
have  been  later  than  the  middle  of  the  seventeenth  century,  for  Lewis  Bradley,  of 
Hompnet,  near  Northleach,  married  his  first  cousin  Eleanor,  whose  father  was  of  the 
same  place;  and  their  third  son  William  in  1678  married  Jane  Pound  of  Bishop's 
Canning  in  Wiltshire. 

James  Bradley,  the  subject  of  these  Memoirs,  was  the  third  son  of  this  lost  marriage  ; 
he  was  born  at  Sherbourn  in  Gloccstershire,  and,  according  to  all  the  printed  accounts  of 
him,  in  1692 ;  but  it  is  added  in  the  Supplement  to  the  Biographical  Dictionary  »,  that 
"  die  parish  church  having  been  rebuilt  about  this  time,  no  register  was  kept  for  some 
"  years,  nor  can  we  by  any  other  means  trace  out  his  birthday."  The  registers,  indeed, 
are  deficient  from  1690  to  1703,  but  there  is  good  ground,  as  we  shall  sec  hereafter, 
for  believing  that  the  common  date  is  a  year  too  early- 
He  was  educated  in  the  grammar  school  at  Northleach,  "  under  the  tuition  of  Messrs. 
"  lies  and  Briccb.r'    Hugh  Westwood,  esq.,  the  founder,  placed  it  under  the  superin- 

■  Pag.  54.  b  Supp.  to  Bbg.  Diet.  p.  54. 
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tendence  of  Queen's  college,  Oxford,  and  from  the  registers  of  that  society,  it  appears 
that  lies  (not  Egles,  as  De  Fouchy  has  written  it)  was  master  at  this  time:  Brice  was 
his  assistant  Bradley  continued  under  their  care  till  he  went  to  Oxford,  and  those  who 
are  interested  in  the  credit  of  the  school  still  cherish  the  tradition  of  his  having  1kh?i> 
educated  at  it. 

Pie  was  admitted  a  commoner  at  Balliol  college  on  the  15th  of  March  1710-1,  being 
then,  as  we  leam  from  the  matriculation  books,  in  the  18th  year  of  his  age,  which  is 
clearly  incompatible  with  his  having  been  born  in  1692.  There  seems,  indeed,  to  be 
no  very  certain  authority  for  this  date,  and  there  is  an  easy  way  of  accounting  for  a 
probable  mistake  in  it.  It  is  well  known  that  previous  to  the  introduction  of  the  new 
style  in  1752  the  legal  year  in  England  did  not  begin  till  the  25th  of  March.  This  has 
occasioned  frequent  confusions  in  the  first  three  months  of  the  year.  From  this  very 
cause  Bradley  is  said,  in  the  printed  accounts  of  him,  to  have  entered  at  the  univer- 
sity in  1710  instead  of  1711,  which  is  the  real  time  according  to  our  modern  method  of 
reckoning.  It  will  not  therefore  be  difficult  to  admit  that  1692  may  in  the  same  man- 
ner have  beM  sulntituted  for  1692-3,  and  if  he  was  born  on  any  of  the  days  between 
the  15th  and  25th  of  March  1693,  he  would  have  been  seventeen  on  the  birthday  im- 
mediately preceding  the  15th  of  that  month  in  1711.  This  supposition  will  likewise 
agree  with  his  having  been  in  his  70th  year  at  the  time  of  his  death,  which  is  recorded 
on  his  tomb  to  have  taken  place  iii  Id.  Julii  A.  D.  MDCCLXII  aetatis  LXX. 

Bradley  proceeded  regularly  to  the  degrees  of  B.  A.  October  15, 1714,  and  M.  A. 
June  21, 1717,  but  much  of  his  time  was  spent  in  Essex  with  his  maternal  uncle  the 
Rev.  James  Pound £.  This  kind-hearted  and  amiable  man  is  not  known  so  well  as  he 
deserves  to  be.  Bradley  had  the  small  pox  in  1717,  and  it  was  Pound  who  took  care 
of  him ;  if  money  was  wanted  beyond  what  his  father's  limited  means  could  supply,  it 
i  the  uncle  who  advanced  or  gave  it  to  him  d.  These,  however,  were  private  benefits : 

c  James  Pound  was  born  at  Bishop's  Can-    was  one  of  the  verv  few  who  escaped.   In  July 
in  Wiltshire  in  1669,  and  on  the  16th  of    1706  be  returned  to  England,  and  in  July  1707 


March  1687  he  entered  at  St.  Mary  Hall,  Ox-  he  was  presented  by  sir  Richard  Child  to  the 

ford  ;  on  the  27th  of  February  1 694  he  was  at  rector)'  of  Wangled  in  Essex.  February  N,  1710, 

Hart  Hall,  and  took  hU  first  degree ;  June  6,  he  married  Sarah,  the  widow  of  Edward  Far- 

1  lilt  I,  he  became  M.  A.    He  was  now  at  Ulo-  ntcr,  esq.,  by  whom  he  had  a  son  who  died  im- 

cester  Hall,  and  October  21, 1697,  he  took  the  mediately  after  his  birth,  and  a  daughter  Sarah 

decree  of  B.  M.  with  a  license  to  practise  me-  born  September  16, 1713,  who  died,  unmarried, 

dicine.   He  docs  not,  however,  appear  to  have  at  Greenwich,  on  the  19th  of  October  17-17. 

continued  long  in  the  profession,  for  he  took  His  wife  died  in  June  1715-   In  January  1720 

orders,  and  went  out  as  chaplain  to  the  set-  he  was  presented  by  lord  chancellor  Maccles- 

tlement  in  Pulo  Condore.    This  probably  took  field  to  the  rectory  of  Burstow  in  Surrey,  which 

place  in  1 700.    There  is  a  letter  of  bishop  had  become  vacant  by  the  death  of  F'lamstecd. 

Tanner's  in  the  Bodleian,  dated  September  In  October  1 722  he  married  Elizabeth,  sister  of 

1704,  in  which  he  says,  "  My  brother  Moore  Matthew  Wyniondcsold,  esq,  a  fortunate  spe- 

"  is  corue  home  from  the  East  Indies ;  left  our  culator  in  the  South  Sea  scheme,  who  was  then 

"  honest  countryman  Dr.  Pound  well   possessed  of  the  property  at  Wansted,  which 

"  he  has  a  mind  to  come  home,  but  the  go-  now  belongs  to  the  honourable  Mrs.  A.  Rusbout. 

"  vernor  tells  him,  that  if  the  Doctor  goes,  he  With  two  brings  and  his  wife's  fortune  Pound 

'•  and  the  rest  of  the  company  will  not  stay  must  now  have  been  in  affluence,  but  he  did  not 

"  behind."  Hearne  says,  "  he  got  much  in  the  long  enjoy  it,  for  he  died  November  16, 1724. 
"  plantations,  but  lost  all  in  an  insurrection  of      >>  These  particulars  are  collected  from  the 

•'  the  Indians."  This  refers  to  the  destruction  private  entries  in  Pound's  account  book, 
of  the  settlement  in  1705,  from  which  Pound 
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a  more  weighty  debt  of  public  gratitude  is  due  to  him  for  having  cultivated  Bradley's 
extraordinary  talent*.  Pound,  at  that  time,  was  one  of  the  host  observers  in  England ; 
Ilalley  used  to  apply  to  him  for  assistance,  and  Newton  made  use  of  the  corrections 
which  he  supplied  for  determining  the  places  of  the  comet  of  1680c.  If  he  did  not 
originally  implant  the  fondness  for  astronomy  in  the  mind  of  his  nephew,  he  certainly 
fostered  it ;  and  by  associating  him  with  himself  in  his  favourite  pursuit,  he  communi- 
cated that  skill  which  by  long  experience  he  had  acquired.  It  is  pleasing  to  trace  the 
handwriting  of  each  as  they  have  entered  their  observations  one  after  the  other  on  the 
same  paper,  and  to  think  of  the  increased  zeal  and  delight  which  both  must  have  de- 
rived from  this  union  of  their  studies.  With  reference  to  these  joint  exertions  the  fol- 
lowing letter'  from  Ilalley  to  Pound  possesses  considerable  interest. 


"  London,  Sept.  6, 1716. 

"  Dear  Sir, 

"  Entreating  you  to  pardon  the  frequent  trouble  I  give  you,  these 
"  are  to  let  you  know  that  by  the  distances  you  took  the  other  night  I  find  the  place  of 
"  the  nebula  in  Hercules  to  be  m.  25°  6',  with  the  latitude  58°  1',  whereby  it  appears 
"  that  it  precedes  *  of  Hercules  S3>1  minutes  of  time  with  very  little  difference  of  de- 
"  clination.  That  in  the  foot  of  Antinous  I  find  to  have  long,  Yf  8°  55'{,  with  north 
"  latitude  16°  37J,  preceding  the  bright  foot  of  Antinous  (a  Bayero).  Bayer  has  two 
"  stars  preceding  A,  to  which  he  has  put  no  letters,  but  they  are  •  and  k  in  Mr.  Flam- 
"  steed's  Catalogue;  the  preceding  of  which  k  follows  the  nebula  6  minutes  of  time,  and 
"  is  :V2  ,  minutes  more  northerly  than  it.  By  these  Mr.  Bradley  may  at  his  leisure  exa- 
"  mine  the  above  situations  of  the  nebula:,  which  are  fitted  to  Mr.  Flamsteed's  cpocha, 
"  or  anno  ineunte  1690. 

"  On  Saturday  next,  Sept.  8*°,  about  5  in  the  morning,  (if  you  please  once  more  to 
"  verify  the  places  of  the  stars  in  the  beginning  of  Virgo,  to  which  the  comet  was  ap- 
"  plied  in  November  1680,)  you  will  find  Mars  close  to  the  two  contiguous  d  and  e ,  in 
"  Transactions  N  '.  842,  which  are  but  7  minutes  asunder.  According  to  my  calculus 
"  I  expect  him  nearer  to  each  of  them  than  they  are  to  one  another,  and  about  4  mi- 
"  nutes  more  northerly  than  they,  which  have  precisely  the  same  declination.  I  fear  it 
"  will  be  too  light  for  me  to  see  so  small  stars,  when  Mars  gets  over  the  bouses,  or  you 
M  should  not  have  had  this  trouble  from,  kind  Sir, 

"  Your  much  obliged,  faithful  servant, 

"  EDM.  HALLEY." 


«  There  are  two  curious  entries  in  Pound's       Among  Bradley's  papers  there  are  the  ori- 

accotral  book :  ginal  observations  by  which  Pound  determined 

•'  1719  July  13.  lo  a  free  gift  rec4.  from  Sir  the  relative  positions  of  the  start  in  tmutro 

"  I.  Newton  52/.  10*.  calcaneo  Pmei,  which  are  referred  to  in  the 

M  1720  April  28,  to  »  gift  reC1.  of  Sir  I.  New-  Principia,  and  it  appears  that  the  measures  of 

"  ton  52/.  1 0«."  their  distances  from  one  another  were  taken  in 

It  is  well  known  that  Newton  was  extremely  September  1716. 
liberal,  and  it  is  very  probable  that  these  sums       1  The  original  is  preserved  in  the  Observatory- 
were  pre»ct>ie<  1  in  acknowledgment  of  the  as-  at  Oxford, 
sistance  which  he  had  derived  from  Pound. 
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How  soon  Bradley  began  to  make  entries  of  his  observations  cannot  now  be  ascer- 
tained: the  earliest  which  have  been  found  are  dated  in  1715.  In  the  30th  vol.  of  the 
Philosophical  Transactions,  Halley  published  two  made  in  1717  and  1718;  he  describes 
him  there  t  as  "  eruditus  juvenis,  qui  simul  ingenio  et  industria  pollens  his  studiis  promo- 
"  vendis  aptissimus  natus  est it  is  probable,  therefore,  that  this  was  the  first  occasion  on 
which  his  labours  had  appeared  before  the  public.  At  the  end  of  the  same  volume  there 
are  other  observations  h  which  we  now  know  also  to  have  been  his,  although  they  are  not. 
distinguished  from  the  rest  which  his  uncle  had  communicated  to  the  Royal  Society. 

The  next  mention  which  we  find  of  him  is  made  again  by  Halley  in  the  31st  vol.  of 
the  Phil.  Trans. '  In  some  remarks  which  he  made  on  Cossini's  method  of  observation, 
by  applying  threads  at  half  right  angles  in  the  common  focus  of  the  telescope,  he 
speaks  of  the  exactness  with  which  "  Dr.  Pound  and  his  nephew  Mr.  Bradley  did,  my- 
"  self  l>cing  present,  in  the  last  opposition  of  the  sun  and  Mars,  this  way  demonstrate 
"  the  extreme  minuteness  of  the  sun's  parallax,  and  that  it  was  not  more  than  12"  nor 
"  less  than  Of'."  These  observations  will  be  found  in  p.  353  of  the  present  collection  ; 
they  were  all  entered  by  Pound,  but  the  calculations  made  from  them  are  still  in  exist- 
ence, and  they  are  almost  entirely  in  Bradley's  handwriting.  Halley  called  the  attention 
of  astronomers  to  the  opposition  which  would  take  place  in  the  following  October,  (1721), 
and  we  find  that  Bradley  took  advantage  of  it  to  repeat  the  observations  on  the  apparent 
motion  of  the  planet.  These  will  be  found  at  p.  350;  they  are  much  more  numerous 
than  his  uncle's,  and  they  enabled  him  to  find  the  sun's  mean  parallax  still  nearer  to  the 
truth  by  1".2. 

Wallis,  in  a  very  curious  paper  i  on  the  parallax  of  the  fixed  star*,  pointed  out  the 
use  which  might  possibly  be  derived  for  determining  the  question  from  observations 
of  stars  which  were  very  close  to  each  other.  With  this  view,  Bradley  seems  to  have 
directed  his  attention  most  particularly  to  Castor k,  and  we  find  that  he  has  noted  the 
relative  position  of  the  two  stars  of  which  it  consists  on  March  30,  1719,  and  October  1, 
1722.  The  method  by  which  he  determined  their  position  did  not  admit  of  very  minute 
accuracy,  but,  if  the  mean  of  Ixuh  observations  is  taken,  the  result  will  agree  in  a  most 
extraordinary  manner  with  the  motion  which  has  been  found  to  exist  in  them  by 
Mr.  Herschell  and  sir  J.  South1. 

On  March  12,  1718,  we  find  that  he  also  re|K>aled  and  confirmed  an  observation 
which  his  uncle  had  made  the  night  liefore  on  the  double  star  y  Virginis.  The  position 
of  these  stars,  as  given  in  the  Phil.  Trans,  for  1824  m,  points  out  that  their  angular  ve- 
locity of  revolution  has  been  constantly  increasing,  and  this  will  agree  very  well  with  the 
data  which  Pound  and  Bradley  have  transmitted  to  us.  Could  we  likewise  have  known 
how  far  the  stars  were  at  the  same  time  apart,  we  should  probably  have  found  a  con- 
firmation of  another  very  curious  fact,  for  most  of  the  later  observations  indicate  that 
the  distances  have  diminished  while  the  angular  velocity  has  increased.  This  may  be  the 
consequence  of  our  looking  obliquely  on  the  plane  of  their  orbit,  but  should  future  ob- 
servations prove  that  one  of  the  stars  is  situated  in  the  focus  of  an  ellipse  which  the 

k  Pag.  853.  k  Phil.  Trans.  1803.  p.3G3. 

"1719.  Apr"  22.  May  16.  '  Phil.  Trans.  1824.  p.  105. 

'Pag.  II 4.  "Pag.  172. 
j  Phil.  Trans,  vol.  XVII.  p.  844. 
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other  describe*  about  it,  we  shall  have  a  most  beautiful  example  of  the  effects  of  gravita- 
tion in  the  simplest  ease  of  iu  action  on  two  bodies  without  any  perturbations  from  the 
influence  of  a  third. 

It  is  not,  indeed,  among  the  earlier  observations,  but  as  connected  with  the  present 
subject,  wc  may  take  this  opportunity  of  preserving  a  memorandum  of  Bradley's 
which  was  found  on  a  loose  paper.  It  is  as  follows:  "  By  Mr.  Flamslccd's  observa- 
"  twos,  Dec.  9, 1(589,  and  Dec  3, 1690,  the  small  star  that  precedes  the  pole  star  was 
"  farthest  from  the  pole  then  by  18'  9".  In  61  years  that  difference  should  be  4"$  less, 
"  therefore  in  1751  the  difference  ought  to  be  18"  4"L  By  our  observations  'twas  18*  1"$ 
"  or  but  3"  less.  Hence  "lis  reasonable  to  conclude  that  neither  of  these  stars  have  any 
"  particular  motion  distinct  from  the  other.'" 

Bradley  from  his  earliest  application  to  astronomical  observations  seems  to  have  di- 
rected his  attention  very  |>articularly  to  the  places  of  Jupiter's  satellites.  He  was  for  many 
years  in  the  habit  of  calculating  each  eclipse  which  he  observed,  and  marking  the  quantity 
against  the  observation  of  it  by  which  it  differed  from  the  times  which  were  derived  from 
the  Tables.  Indeed  the  correction  of  the  Tables  MUM  to  have  been  one  of  the  many  ob- 
jects to  which  he  was  led  by  his  uncle,  who  had  himself  drawn  up  a  set  for  the  conjunctions 
of  the  first  satellite.  Pound's  Tables  were  founded  on  Cassini's  of  1693,  the  corrections 
being  introduced  which  subsequent  observations  had  shewn  to  l>e  necessary.  There  were, 
indeed,  other  improvements,  but  the  most  remarkable  is  the  introduction  of  that  admirable 
arrangement  by  which  all  the  equations  are  made  additional.  They  were  communicated 
to  Halley,  who  not  only  printed  them  in  the  Phil.  Trans.  n,  but  likewise  inserted  them 
in  his  collection  of  Tables,  where  they  form  an  Appendix  to  the  general  Tables  for  the 
four  satellites  which  had  been  given  him  by  Bradley.  The  corrections  introduced  into 
these  last  were  not  derived  from  theory,  but  from  the  quantities  which  were  found  to  be 
necessary  to  make  them  best  agree  upon  the  whole  with  observation :  there  was  no  occa- 
sion, therefore,  for  reprinting  them  now  that  the  use  of  them  is  superseded.  The  re- 
marks, however,  which  Bradley  drew  up  to  accompany  them  are  inserted  in  the  present 
collection,  because  they  contain  some  curious  notices  of  what  he  had  ol>served  in  the  mo- 
tions of  the  satellites.  They  were  originally  written  in  Latin,  as  they  appear  imme- 
diately prefixed  to  the  Tables;  but  the  translation  of  them  has  been  preferred,  which 
was  inserted  in  the  precepts  drawn  up  by  Dr.  Bevis  when  the  whole  was  puhlished  in 
1752.  It  is  very  faithful,  and  in  one  or  two  places  seems  to  express  the  meaning  more 
perspicuously  than  the  Latin.  There  can  be  very  little  doubt  that,  if  not  made  by 
Bradley  himself,  it  was  at  least  sanctioned  by  his  approt>ation,  for  Dr.  Bevis  when  en- 
gaged in  this  publication,  was  in  constant  intercourse  with  him,  and  frequently  con- 
sulted him  on  the  several  parts  of  it. 

Hodgson  of  Christ's  Hospital  published  Tables  of  Jupiter's  satellites  in  1749,  in  which 
he  seems  studiously  to  avoid  all  notice  of  Bradley,  with  whose  previous  labours  there 
cannot  be  the  slightest  doubt  of  his  having  been  intimately  acquainted.  More  justice 
was  done  to  him  by  Bailli",  who  gives  him  credit  for  having  detected  the  greater  part  of 
the  inequalities  which  had  been  since  recognised  in  the  motions  of  Jupiter's  satellites. 


■  Vol.  XXX.  p.  1023. 

«  K**i  »ur  I.  TWorie  des  Satellites  de  Jupiter  1766.  p.  xwi. 
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Cassini  had  first  admitted  and  then  rejected  Roomer's  suggestion  with  respect  to  the 
time  to  be  allowed  for  the  passage  of  light  across  the  earth's  orbit :  Pound  introduced 
an  equation  for  it.  and  so  did  Bradley,  but  Delambre  P  expresses  some  astonishment  at 
his  having  contented  himself  with  14',  at  which  it  had  l>een  taken  by  Cassini,  instead  of 
making  this  part  of  his  Tables  more  accurate,  by  calculating  from  the  results  of  his  own 
discoveries.  It  must  however  be  recollected,  that  the  aberration  of  light  was  not  de- 
tected till  1728,  and  that  Halley's  Tables,  though  they  were  not  published  before  the 
middle  of  the  last  century,  were  all  printed  off  in  1719. 

Bradley  had  now  become  known,  and  was  justly  esteemed  among  men  of  science.  On 
the  6th  of  November  1718,  he  was  elected  fellow  of  the  Royal  Society ;  but  it  could 
not  be  foreseen  that  his  astronomical  labours  would  lead  to  any  establishment  in  life,  and 
it  became  necessary  for  him  to  embrace  a  profession.  9  He  hat!  been  brought  up  for  the 
church,  and  had  applied  himself  to  those  studies  which  might  qualify  him  for  it,  but  he 
did  not  take  orders  as  soon  as  he  was  old  enough  to  be  admitted  to  them.  The  vicarage 
of  Uridstow  near  Ross  in  Monmouthshire,  lxxoming  vacant  in  1719,  Hoadly,  who  was 
then  bishop  of  Hereford,  gave  him  the  presentation  to  it.  On  this  title  he  was  ordained 
deacon  on  the  24th  of  May,  by  Robinson  bishop  of  London,  and  if  any  additional  proof 
were  wanted  of  his  habitual  residence  with  his  uncle  it  would  be  found  in  the  testimo- 
nials which  he  procured  on  this  occasion,  for  they  were  signed  by  Pound,  by  Chishull 
vicar  of  Walthamstow,  and  by  Chisenhall  vicar  of  Barking,  who  state  that  he  had  been 
known  to  them  for  the  six  preceding  years'.  On  the  25th  of  the  following  July  bishop 
Hoadly  admitted  him  to  priest's  orders,  and  two  days  after  instituted  him  to  Bridstow'. 
In  the  beginning  of  the  next  year  he  had  some  addition  to  his  preferment.  Llan  ddewi 
felfry  in  the  hundred  of  Narberth  and  county  of  Pembroke  is  a  divided  living.  The 
rectory  is  the  first  portion  and  a  sinecure.  The  patronage  of  it  belonged  to  the  prince 
of  Wales,  and  it  was  procured  for  Bradley  by  his  friend  Samuel  Molyneux «,  esq.  who 
was  secretary  to  his  Royal  Highness.  His  income  from  both  these  pieces  of  preferment 
could  not  have  been  large,  but  the  duties  of  a  clergyman  are  not  to  be  measured  by  the 
emolument  which  he  derives  from  them,  and  fortunately  in  this  case  they  were  of  a  de- 
scription which  called  for  less  of  his  time  than  otherwise  might  have  been  required  from 
him.  A  sinecure  of  course  could  not  be  the  cause  of  much  interruption,  and  as  the 
population  of  Bridstow  in  1801  did  not  exceed  471,  it  is  probable  that  early  in  the  pre- 
ceding century  the  number  of  parishioners  in  it  was  much  smaller.  Bradley  therefore 
continued  his  visits  to  Wansted  as  much  probably  as  he  could,  and  this  may  have  occa- 
sioned the  belief  of  his  having  been  the  curate  of  that  parish  u.  In  Pound's  account  book, 
however,  there  are  no  traces  of  any  thing  like  payments  to  him  as  a  stipendiary-  assistant. 
There  are  several  entries  of  receipts  through  his  hands  of  dues  for  the  offices  of  the  church, 
but  these  prove  no  more  than  that  occasional  assistance  in  which,  when  absent  from  his 
own  cure,  he  might  wish  to  be  professionally  employed. 

The  time,  however,  was  now  at  hand  which  enabled  him  to  give  himself  up  entirely 
to  the  pursuit  of  science.  The  Savilian  Professorship  of  Astronomy  in  the  University 
of  Oxford  became  vacant  in  August,  1721,  by  the  death  of  Dr.  John  Keill.  Lord 

p  Hist,  de  I'  Astr.  au  xviii  siecle.  p.  42 1 .  •  Supp.  to  Biog.  Diet  p.  54. 

i  Hist,  de  1"  Ac.  It.  de»  Sciences  1 762.  p. 231.  '  Suppl.  p.  55. 
»  Reg.  Dioc.  Lond.  ■  Suppl.  p.  55. 
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chancellor  Parker  (afterwards  earl  of  Macclesfield)  was  one  of  the  electors,  and  was 
anxious  in  the  first  instance  for  Pound's  being  appointed  to  the  vacant  office,  considering 
him  a9  "  the  fittest  man  perhaps  in  Europe*."  Indeed  it  seems  to  have  been  generally 
understood  that  he  would  have  been  elected  y  if  he  had  not  been  unwilling  to  give  up 
his  preferment  in  the  church,  with  which,  by  the  statutes  of  the  founder,  the  profes- 
sorship was  untenable.  When  he  declined,  the  Rev.  Jos,  Atwell,  fellow,  and  afterwards 
rector,  of  Exeter  college,  was  spoken  of,  although  it  does  not  appear  that  he  ever  de- 
clared himself  a  candidate ;  Gagnier  the  orientalist  made  direct  application  to  archbishop 
Wake;  and  much  interest  was  exerted  for  the  Rev.  J.  Whiteside,  F.  R.  S.  of  Christ 
Church,  a  man  of  consideration  among  his  contemporaries,  and  who  had  been  a  candi- 
date when  Keill  was  elected.  The  lord  chancellor,  however,  now  exerted  himself  for 
Bradley,  who  was  indebted  through  life  to  the  constant  friendship  and  patronage  of 
the  earls  of  Macclesfield.  On  the  present  occasion,  however,  he  had  other  supporters  ; 
and  we  may  judge  of  the  estimation  in  which  he  was  held  from  the  following  letter  to 
archbishop  Wake  from  Martin  Foulkes,  who  was  afterwards  president  of  the  Royal 
?»ocjeiy. 

"London,  Sept.  4, 1781. 

"  My  Lord, — I  humbly  take  the  liberty  of  applying  to  your  grace  on  the  occasion 
"  of  the  vacancy  at  Oxford  in  the  Astronomy  chair,  occasioned  by  the  decease  of  the  late 
"  Dr.  John  Keill,  in  Iwhalf  of  Mr.  Bradley,  a  gentleman  who  is  thoroughly  qualified  for 
"  that  part,  and  will  be,  I  make  no  doubt,  every  way  recommended  to  your  grace's  satis- 
"  faction.  Your  grace,  I  am  informed,  has  the  first  vote,  and  the  calling  the  election ; 
"  besides  that,  your  countenance  will  be  of  the  greatest  weight  with  the  other  electors. 
"  Mr.  Bradley  was  of  Oxford,  and  is  five  years  master  of  arts :  he  has  lived  for  some 
"  years  with  his  uncle,  Mr.  Pound  of  Wansted,  where  he  has  had  great  opportunities  of 
"  joining  to  his  theory  the  practical  port  of  astronomy,  in  which  he  has  made  himself 
"  very  eminent,  having  prepared  for  the  press  accurate  Tables  of  the  satellites  of  Jupiter, 
"  with  some  other  curious  pieces ;  and  I  am  satisfied  his  being  professor  will  do  honour 
"  and  service  to  the  science.  I  shall  only  take  the  liberty  of  adding,  that  he  is  perfectly 
"  approved,  and  will  be  entirely  recommended  by  Sir  Isaac  Newton,  whom  your  grace 
"  knows  for  the  great  judge  of  this  sort  of  learning.  I  most  humbly  ask  your  grace's 
«'  pardon  for  this  liberty,  and  begging  your  blessing,  desire  the  honour  of  subscribing 
"  myself, 

"  My  lord, 

**  Your  grace's  most  dutiful  nephew  and  most  obliged 

"  M.  Foetus. 

"  Mr.  Bradley  is  fellow  of  the  Royal  Society,  but  not  the  same  as  has  published  some 
"  late  books  on  gardening,  &c."« 


*  Abp.  Wake's  papers. 
»  Hearne,  N°.  92.  p.  146. 
'  This  was  Richard  Bradley,  the  first  profes- 
sor of  botany  at  Cambridge  in  1724.  The  cau- 


tion was  not  unnecessary.  In  tbe  Index  to  the 
Phil.  Trans,  the  very  lint  article  which  is  men- 
tioned under  the  bead  of  James  Bradley  belongs 
really  to  Richard. 


viii 


MEMOIRS  OF  BRADLEY. 


Under  these  auspices,  success  could  not  be  doubtful,  and  his  election  accordingly  took 
place  on  the  31st  of  October,  1721.»  This  laid  him  under  the  obligation  of  resigning 
his  livings.  The  immediate  loss  could  not  have  been  very  great,  but  the  sacrifice  of  future 
prospects  must  have  been  considerable.  With  such  friends  as  Molyncux  and  lord  Mac- 
clesfield, and  such  a  patron  as  Hoadly,  to  whom  he  was  now  chaplain,  there  could  be  no 
doubt  of  great  and  rapid  advance  in  his  profession.  But  he  abandoned  all  for  the  sake  of 
science.  De  Fouchy  b  says, "  Son  ceeur  vraiment  droit  souffroit  depuis  long  tenia  de  se  voir 
"  partage  entre  sea  devoirs  et  son  inclination,  et  il  saiat  avec  cmpreaaement  l'occaMon  de 
"  se  d^livrer  de  cette  contrainte."  Now  the  time  required  for  two  different  objects  may 
occasion  them  to  interfere  with  each  other,  without  there  really  being  a  distaste  for 
either;  and  it  seems  unjust  to  attribute  Bradley's  conduct  upon  this  occasion  to  any 
aversion  from  his  profession  c.  We  have  no  proof  of  such  an  aversion  having  been  felt, 
and  certainly  in  the  nature  of  his  pursuits  there  was  nothing  which  should  lead  us  to  a 
presumption  of  it.  Paleyd  remarks,  that  "  astronomy  is  not  the  best  medium  through 
"  which  to  prove  the  agency  of  an  intelligent  Creator,  but  this  once  proved,  it  shews, 
"  beyond  all  other  sciences,  the  magnificence  of  his  operations.  The  mind  which  is  once 
"  convinced,  it  raises  to  sublimer  views  of  the  Deity  than  any  other  subject  affords,'" 
Such  a  pursuit  cannot  be  uncongenial  with  the  professional  habits  of  a  clergyman.  In 
Bradley,  however,  it  had  grown  into  an  all-absorbing  passion,  and  although  he  was  of 
that  kind  and  gentle  disposition  which  is  peculiarly  adapted  to  parochial  cares,  he  deter- 
mined to  sacrifice  all  his  prospects  rather  than  continue  in  a  situation  where  he  found 
himself  continually  drawn  off  from  the  regular  discharge  of  its  duties.  He  seems,  indeed, 
to  have  been  actuated  by  a  deep  sense  of  the  sacredness  of  those  duties,  and  this  feeling 
appears  through  life  to  have  been  strongly  impressed  upon  his  mind.  For  when  the  vicar- 
age of  Greenwich,  which  became  vacant  in  1751  by  the  death  of  the  Rev.  R.  Skerret,  was 
offered  to  him  by  his  friend  Mr.  l'elham,  who  was  chancellor  of  the  exchequer,  although 
he  was  then  resident  in  the  parish,  he  honourably  refused  the  preferment,  because  "  the 
"  duty  of  a  pastor  was  incompatible  with  his  other  studies  and  necessary  engagements*.* 
The  usefulness  however  of  these  studies  and  engagements  ought  not  to  be  forgotten,  nor 
the  close  connection  between  moral  and  intellectual  improvement,  between  revealed  and 
natural  religion.  Instead  therefore  of  hastily  admitting  unworthy  motives  for  Bradley's 
disinterested  conduct,  we  should  feel  grateful  for  the  services  which  it  enabled  him  to 
render  to  mankind,  by  laying  open  some  of  the  grandest  operations  in  nature,  and  ex- 
tending our  knowledge  of  those  laws  by  which  the  Creator  regulates  the  universe. 

Though  elected  in  October,  Bradley  was  not  admitted  to  his  office  till  Dec.  18, 1721, 

•  In  the  account  book  there  are  the  follow-       It  is  probable,  therefore,  that  Pound  Becom- 
ing entries  :  panted  his  nephew  to  London  on  the  day  of 
1721.  Sept.  2.  BycoAchbire,  pockets  election,  and  we  find  from  another  part  of  the 
expenses,  &c.  about  \  „  .„  «    accounts  that  the  four  guineas  were  supplied 
the  Oxford  profes-  f  w    "to  give  to  the  door-keepers  of  the  house  of 

sorship   .J  "  lords." 

Oct  31.  By  cousin  Bradley  1  .  .  fl       b  Hist,  de  I'Aead.  de*  Sciences  1762.  p.  233. 

lent  him  J  c  See  Biog.  Brit.  1766.  vol.  VI.  Sup.  p.  257. 

By  p>cket  expenses  1  .  ,       *  Natural  Theology,  chap.  xxii. 

in  London,  <Scc.  ..  /  0       •  Sup.  to  Biog.  Diet.  p. 57. 
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and  on  ihe  26th  of  April  in  the  following  year  he  read  his  inaugural  lecture.  This, 
according  to  Hearnc',  did  not  add  to  his  reputation;  but  Hcartic  was  no  judge  of  the 
subject :  and,  although  Ive  only  set  down  the  reports  which  reached  him,  he  had  very 
strong  prejudice*;  and  being  intimate  with  Whiteside,  was  not  inclined  to  form  a  favour- 
able  opinion  of  the  person  whose  success  had  been  the  cause  of  his  friend's  disappointment. 
This  lecture  is  still  in  existence,  and  is  a  respectable  composition  ;  but  it  could  not  add 
to  the  high  name  which  Bradley  afterwards  established,  and  contains  nothing  which 
can  call  for  its  publication.  The  same  remark  applies  to  other  Latin  lectures  which  he 
afterwards  delivered  in  the  university. 

Reflecting  telescopes  had  been  invented  in  the  middle  of  the  seventeenth  century; 
but  the  mechanical  difficulty  of  perfecting  the  mirrors  was  long  an  obstacle  to  the  use  of 
them.  Hadlev  applied  himself  to  overcome  it,  and  in  1723s  communicated  to  the  Roval 
Society  an  account  of  his  success,  making  them  a  present  of  one  of  his  instruments.  This 
Found  compared  with  the  Huygenian  telescope  of  128  feet,  and  he  tells h  us  that 
although  the  focal  length  of  the  object-metal  was  not  quite  5£  feet,  it  bore  an  equal 
magnifying  power,  and  represented  an  object  as  distinctly  as  the  refractor,  although  not 
altogether  so  clearly  and  bright.  Bradley  assisted  him  in  the  comparison,  and,  encou- 
raged by  what  he  saw  of  it,  applied'  himself  afterwards  to  the  construction  of  mirrors; 
but  it  apjx-ars  from  his  communication  to  Dr.  Smith,  (inserted  in  the  correspondence  at 
the  end  of  this  collection,)  that  having*  been  taken  off  from  this  pursuit  by  other  occu- 
pations, he  did  not  return  to  it.  He  had  however  the  great  advantage  of  being  himself 
a  workman,  and  we  find  him  making  repeated  mention  of  having  cleaned  his  clocks,  or 
having  fitted  up  and  repaired  his  instruments. 

Halley1  records  the  olwcrvation  of  the  transit  of  Mercury  over  the  sun's  disc,  on  Oct. 
29, 1723,  which  will  be  found  much  more  completely  detailed  in  p.  355.  The  measure- 
ments were  made  with  the  Huygenian  glass,  which  has  just  been  mentioned :  Derham, 
in  the  preface  to  his  Astro-Theology,  speaks  of  its  having  been  lent  by  the  Royal 
Society  to  Pound,  who  fitted  it  up  at  Wansted  in  the  spring  of  1718,n.  Huygens'" 
own  contrivance  for  making  use  of  these  long  object-glasses  is  much  praised  by  Smith0; 
who  says,  that  it  was  "  successfully  practised  by  Dr.  Pound,  and  his  nephew  Mr.  James 
"  Bradley.'*  We  have  indeed  an  extraordinary  instance  of  Bradley's  skill  in  the  manage- 
ment of  these  instruments,  for  we  find  him  measuring  the  diameter  of  Venus  on  the 
27th  Dec.  1722 1'  with  a  telescope  of  212$  feet  There  is  no  error  in  the  figures,  the 
observation  has  been  entered  twice  with  exactly  the  same  numbers  in  both  places.  The 
value,  likewise,  of  each  revolution  of  the  micrometer  screw  may  be  considered  to  vary 

'  N«.  94.  p.  CI.  1718,  April  25.  by  an  eyeglass  for  the  long 
*  PhiL  Trans,  vol.  XXXII.  p.  303.  telescope     0L   2s.  M. 


*  Vol.  XXXII.  p.  382.  May  13.  by  drink  for  i 

1  Smith  s  Optics,  h.  782.  who  raised  the  pole  2     0  0 

1  P.  401.  Mav  16.  by  several  men, 

1  Phil.  Trans,  vol.  XXXIII.  p.  229.  paid  them  half  a  day  s  work  for  as- 

"  The  date  is  taken  from  Pound  s  Account-    listing  in  raising  the  pole  0    17  0 


book,  io  which  we  find  the  following  entries :         »  Opera  Vans,  vol.  I.  p.  261. 
1717,  Sept  18.  by  tin  and  brass  work  for       °  Optics,  4.892. 
i  s  telescope  0/.  4s.  W.       »  P.  354. 
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inversely,  as  the  focal  length  of  the  object-glass ;  and  in  the  present  instance,  we  have 
29  revolutions,  which  for  the  glass  of  123f.  would,  by  a  MS.  tahle  of  Pound's,  have 
been  equal  to  V  59", 76;  but  the  quantity  given  for  reduction  of  the  obsen ation  is  5T',8, 
which  is  preciselv  equal  to  99".76 X-nV.;.:.  The  Royal  Society  also  is  iu  |xtsse$sion  of 
several  old  object-glasses,  and  the  focal  length  of  one  of  them  (made  by  Huygcns,  and 
given  in  1686  by  the  rev.  Mr.  Burnet)  is  described  to  be  210f.  It  is  highly  probable 
that  this  is  the  identical  glass  which  Bradley  used,  and  as  the  planet  was  not,  at  the 
time,  12°  above  the  horizon  of  Wanstcd,  a  pole  of  about  4Sf.  would  have  been  sufficient 
for  the  support  of  it. 

On  the  9th  of  October  1723,  Halley  discovered  a  comet,  and  immediately  communi- 
cated the  intelligence  to  Bradley,  who  saw  it  the  next  night,  and  continued  with  Pound's 
assistance  to  observe  it  at  Wanstcd  till  the  14lh  of  November;  his  affairs  then  called 
him  to  Oxford,  where  he  had  no  convenience  for  continuing  his  observations.  This  he 
alludes  to  in  an  academical  lecture,  which  he  delivered  "  de  cometa"  on  the  28lh  of  the 
same  month,  mentioning  the  advantages  which  he  had  for  observing  at  Wanstcd  "  nactis 
"  instrumcntis  accuratissimis. .  .qualia  (uti  spero)  in  hac  illustrissima  scientiarutn  sede 
"  academia?  hujusce  gubematorum  cura  et  munificentia  ad  scientiam  astronomicam  olim 
"  consecrabit." 

He  did  not  satisfy  himself  with  recording  the  general  appearances  which  he  had  ob- 
served, or  with  forming  conjectures  on  them.  He  combined  them  together,  and  calcu- 
lated the  elements  of  the  comet.  These,  with  the  original  observations,  form  his  first 
contribution  to  the  Philosophical  Transactions.  The  paper i  is  reprinted  at  p.  42,  of  the 
present  collection :  it  contains  the  parabolic  path, calculated  after  Newton's  method;  and 
this  must  have  been  done  immediately,  for  the  elements'  are  the  same  (only  detailed 
with  more  minuteness)  as  he  had  already  stated  in  his  public  lecture  at  Oxford.  He 
did  not  attempt  to  determine  the  true  ellipse,  considering  that  the  observations  were  too 
limited,  and  that  there  was  no  inducement  to  undertake  the  additional  labour  from  a 
similarity  in  this  comet  to  any  one  of  which  the  particulars  had  been  previously  recorded. 
The  determination  of  his  problem  may  not  appear  at  present  to  be  one  of  very  great  diffi- 
culty, but  in  the  early  part  of  the  last  century  it  was  not  so  familiar  as  it  has  since  become 
to  astronomers.  Bradley's  calculations  arc  extant,  and  they  (ill  thirty-two  pages  of  fools- 
cap for  the  present  comet :  in  the  same  book  also  there  are  nearly  sixty  pages  full  of 
numbers  for  the  determination  of  the  elements  of  the  comet  of  1737 ;  and  in  another  book 
there  are  seventeen  employed  on  the  comet  of  1 707.  These  facts  would  alone  be  a  suffi- 
cient reply  to  the  suggestion,  "  qu'il*  calculait  pea"  Mr.  Delambre  had  indeed  a  strong 
leaning  to  what  he  describes  as  the  seductive'  luxury  of  calculation,  and  he  had  not  the 
immediate  evidence  which  wc  possess  of  Bradley's  indefatigable  exertions:  he  probably 
did  not  know  that  his  health  was  seriously  injured  by  the  computations,  in  which  he  was 
afterwards  engaged  for  the  purpose  of  examining  and  correcting  Mayer's  Tables,  but 
still  it  might  have  occurred  to  him  that  no  trifling  effort  was  required  in  those  times  to  make 

*  The  original  manuscript  of  this  paper  is       '  Delambre  Hist,  de  l'Astr.  au  xviii  siecle, 

preserved  in  the  library  of  the  Observatory  at  p.  J25. 

Greenwich.  1  Astronomic,  vol.  III.  p.  212. 

'  P.  4d. 
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nut  the  orbit  of  a  comet.  Bradley,  as  Dclambrc  himself  particularly  mentions  %  was  the 
first  w  ho  in  this  respect  attempted  to  follow  the  steps  of  Halley ;  and  Newton  certainly 
did  not  think  lightly  of  his  doing  so.  He  mentions  him  among  those  from  whom  he  had 
derived  the  few  additions  which  arc  enumerated  in  the  short  preface  to  the  third  edition 
of  the  Principia.  Indeed,  in  the  42d  Proposition  of  the  third  book,  after  enlarging  on 
Hallcy's  labours  and  pointing  out  the  support  which  they  afforded  to  his  own  view  of 
the  nature  of  comets ;  he  adds,  "  confirmatur  etiam  theoria  per  motum  retrogradum 
"  comet*,  qui  apparuit  anno  1728. — computante  D.  Bradleio,  astronomite  apud  Oxoni- 
"  enses  Professore  Saviliano,.T' 

In  1724,  the  rev.  J.  Pound  died  on  the  16th  of  November.  In  him  Bradley  lost 
not  only  the  companion  of  his  studies,  but  also  a  "  relation  to  whom  he  was  dear,  even 
"  more  than  by  the  ties  of  blood  f."  It  has  been  supposed  that  Bradley  inherited  his 
property,  but  that  is  certainly  erroneous.  His  death  was  probably  sudden,  or  after  a 
short  illness,  as  the  last  entry  in  his  Account-book  contains  the  expenses  of  a  "  journey 
"  to  town"  on  the  9th.  At  all  events  he  left  no  will,  for  it  appears  from  the  records  in 
the  Prerogative  Office  that  his  widow  administered  to  his  effect*,  which  of  course  be- 
longed to  herself  and  the  only  child  who  survived  him,  the  daughter  of  his  fonner  mar- 
riage. The  family,  however,  was  not  separated  by  this  melancholy  event;  and,  with 
the  exception  of  the  long  Huygcnian  telescope,  we  find  Bradley  continuing  to  observe 
with  the  same  instruments1  which  his  uncle  made  use  of.  These  comprised  a  transit,  a 
reflector*  constructed  by  Hatlley,  the  15f.  glass  which  was  most  used,  and  one  of  7f. ; 
mention  likewise  is  made  of  a  lOf.  and  llf.  glass;  besides  these,  "  Mr.  Graham's  instru- 
ment" is  spoken  of,  which  appears  to  have  been  used  in  1727  and  1781  for  observing 
equal  altitudes. 

In  1726,  Bradley  communicated  a  paper  to  the  Royal  Society,  in  which  he  deter- 
mined the  longitudes  of  Lislxm  and  New  York,  from  eclipses  of  Jupiter's  first  satellite. 
This  is  reprinted  at  p.  58  of  the  present  collection.  The  most  remarkable  part  of  the 
dissertation  consists  in  the  calculations,  which  were  made  from  observations  which  were 
not  simultaneous ;  the  quantities,  which  were  allowed  for  the  several  intervals,  being  in- 
geniously derived  from  what  he  had  himself  remarked  in  the  motion  of  the  satellite. 


•  Hist,  de  1'Astr.  au  xviii  siecle.  p.  189. 

«  Twelve  copies  of  the  Principia  were  print- 
ed in  1726,  on  a  very  large  thick  paper.  They 
seem  all  to  have  been  originally  bound  with 
gilt  leaves  in  red  morocco,  to  a  pattern  which 
was  much  used  for  the  Harleian  Library.  One 
of  these  magnificent  books  whs  presented  by 
Newtoo  to  Bradley :  it  came  into  the  possession 
of  the  Rev.  G.  Powell,  of  Balliol  coll.,  who  left 
it,  with  his  other  mathematical  books,  in  1830, 
to  the  Observatorv  at  Oxford.  The  letter  from 
Hal  lev  to  Pound  which  is  printed  at  p.  iii.  was 
found' in  it. 

t  Sup.  to  Biog.  Diet.  p.  S5. 

*  The  pecuniary  value  of 


very  great.  In  the  account  book  there  is  a 
loose  paper  of  Bradley's  which  was  written 
after  Pound's  death,  and  contains  an  account 
of  his  personal  property:  one  of  the  items  is 
as  follows.  "  By  mathematical  instruments  and 
"  glasses,  25L" 

'  Bradley's  youngest  sister  Rebecca,  married 
John  Dallaway,  (whose  grandson  the  Rev. J. 
Dallaway,  is  secretary  to  the  Earl  Marshal,  tec. 
&c.)  their  daughter  Mary  married  Richard 
Best,  whose  son,  Richard  Best,  Esq.  of  Green- 
wich, is  in  possession  of  the  5  feet  Newtonian 
which  was  used  by  Bradley,  and  of  a 
which  belonged  to  him,  18  inches  in 
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CHAP.  II. 

Paper  on  Aberration — Parallax  of  the  Fixed  Stars — Hooke's  Observations — Molyneux's  Instru- 
ment at  Kew — The  motion  observed  in  y  Draconis — Picard's  Observations  at  Uraoibourg — 
Examination  of  the  laws  of  the  star'*  motion,  and  sacculations  on  the  cause  of  it  during  the 
year  1 72*! — Solar  Nutation,  Refraction.  Parallax. 

IN  1729,  Bradley  communicated  to  the  Royal  Society  his  paper  on  the  aberration  of 
light.  Trifles  derive  an  interest  from  a  connection  with  such  a  subject.  It  may  not  there- 
fore be  impertinent  to  state,  that  a  wrong  year  has  been  universally  assigned  to  this  paper, 
from  its  having  been  printed  in  the  Philosophical  Transactions  for  1728.  Such  irregu- 
larities arc  not  uncommon  in  the  earlier  volumes,  but  the  paper  was  not  read  before  the 
Society  till  the  9th  and  16th  of  January  1729,  and  one  of  the  manuscript  copies  of  it 
which  are  still  e.vtant,  is  dated  Jan.  1,1728-9.  The  historical  part  of  it  is  painfully 
concise.  Philosophy  has  few  nobler  or  more  instructive  objects  of  contemplation,  than 
the  successful  efforts  of  man's  inventive  faculties.  In  the  present  instance,  we  naturally 
feci  anxious  to  observe  all  the  various  workings  of  a  mind  which  seized  the  clue  as  soon 
as  the  scarcely  perceptible  extremity  of  it  presented  itself,  which  with  unremitting  dili- 
gence pursued  the  path  to  truth,  and  gradually  subdued  every  difficulty,  till  the  whole 
was  brought  out  in  that  clear  and  brilliant  light  which  leaves  us  almost  in  wonder  at  its 
having  remained  so  long  in  obscurity b.  He  made  us  as  it  were  even  independent  of 
himself.  We  now  stand  no  longer  in  need  of  his  oltacrvations  to  determine  the  maxi- 
mum of  aberration,  or  of  his  assistance  in  demonstrating  the  rules  for  its  application : 
for  such  objects  the  present  publication  would  be  superfluous,  but  for  the  history  of 
astronomy  it  supplies  a  link  which  is  not  only  of  intrinsic  value,  but  has  double  interest 
from  the  fear  which  was  once  felt  of  its  most  important  parts  having  been  irrecoverably 
lost*. 

When  Copernicus  first  published  his  system,  it  was  recommended  by  the  beautiful 
simplicity  of  its  regular  construction :  but  notwithstanding  the  support  which  it  derived 
from  the  splendid  discoveries  of  Galileo  and  Kepler,  a  wish  was  still  felt  for  farther 
facts,  and  for  some  additional  proof  of  the  earth's  motion  in  its  orbit.  The  question, 
therefore,  of  a  parallax  of  the  fixed  stars,  arrested  the  peculiar  attention  of  astronomers 
in  the  middle  of  the  seventeenth  century,  and  Hooke  made  one  of  the  earliest  attempts 
to  ascertain  it  by  direct  observation. 

The  first  proposal  of  his  plan  seems  to  have  been  oflered  to  the  Royal  Society  in 
1666d:  this  was  renewed  in  the  beginning  of  the  following  year,  and  he  was  then  ex- 
horted by  the  president  to  pursue  it  with  all  convenient  speeds.  He  did  not  however 
liegin  his  observations  till  1669,  nor  did  he  print  the  account  of  them  till  1674;  when  he 
published  his  "  Attempt  to  prove  the  motion  of  the  earth  from  observations."  Hookc 
shewed  much  originality  in  this,  as  he  did  in  most  of  his  projects;  and  although  he  cer- 
tainly failed  in  attaining  his  object,  the  failure  was  in  consequence  not  so  much  of  any 
errors  in  his  views,  as  of  the  impossibility  at  that  time  of  carrying  them  into  execution. 

b  La  Place,  Svsteme  du  Monde,  p.  367.  d  Birch's  Hist,  of  the  Roval  Society,  vol.  II. 

«  Delambre,  Hist,  de  I'Astr.  au  xviii  siecle,    p.  98.  109. 
p.  419.  «  Birch,  p.  139. 
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To  avoid  the  uncertainty  which  might  be  introduced  by  refraction f,  he  determined  upon 
observing  y  Draconis,  which  passed  near  the  zenith  of  Gresham  colleges.  For  this  pur- 
pose he  cut  an  opening*1  in  the  roof  of  his  house,  and  6xed  a  square  tube  in  it,  (sec 
fig.  1.  plate  A.);  a  second  square  tube  carrying  the  object-glass  moved  in  the  first, 
so  that  it  could  be  adjusted  by  means  of  a  screw,  which  retained  it  in  its  proper 
place,  (see  fig.  2.)  The  focal  length  of  his  glass  was  thirty-six  feet,  and  as  so  long  a 
tube  would  have  been  attended  with  inconvenience,  he  merely  cut  a  hole  through  the 
floor  at  r,  r,  and  confined  his  observation  to  the  measure,  widi  a  micrometer,  of  the  dis- 
tance at  which  the  star  passed  from  the  centre  of  his  field  of  view.  That  this  might  be  ac- 
curately adjusted  to  the  zenith,  he  had  a  small  bar  at  a,  a,  that  crossed  directly  under  the 
centre  of  the  aperture  of  the  object-glass,  in  which  were  drilled  two  small  holes  at  equal 
distances  from  the  middle  of  the  glass,  and  through  them  were  fixed  the  upper  ends  of 
threads  of  silk  d,  d,  which  were  stretched  with  leaden  weights.  Care  was  taken  to  make 
the  bar  lie  as  exactly  north  and  south  as  could  be,  and  by  means  of  these  plumblines  the 
eyeglass  f  and  the  micrometer,  by  which  the  deviations  of  the  star  from  the  zenith  might 
be  measured,  were  fixed  in  their  proper  places. 

He  gives  an  account  of  only  four'  olwervations,  but  he  considered  them  as  proving k 
the  existence  of  a  parallax  in  the  fixed  star.  His  pamphlet  however  consists  of  one  of 
his  Cutlerian  lectures  which  he  read  in  1670,  and  when  he  was  afterwards  exhorted 1  by 
the  Royal  Society  to  prosecute  the  inquiry,  he  spoke  with  much  more  hesitation  respect- 
ing the  result  of  it. 

Flamsteed's  well-known  letter m,  in  which  he  deduces  the  parallax  from  his  observa- 
of  the  pole  star,  was  liable  to  serious  objections,  which  were  pointed  out  by 
Nothing  therefore  satisfactory"  had  been  ascertained  on  this  important 
point,  even  in  the  beginning  of  the  eighteenth  century,  and  the  world  is  indebted  to 
MoJyneux  for  having  resumed  the  inquiry.  He  was  a  gentleman  of  fortune  much 
attached  to  science,  and  particularly  to  astronomy.  In  1 725,  he  was  living  at  Kew, 
and  Graham  made  him  an  instrument  for  this  especial  purpose.  Bradley  mentions  it  <• 
as  44  constructed  upon  almost  the  same  principle""  as  Hooke's.   There  was  however  a 


<  Attempt,  &c,  p.  13,  15. 

*  The  observations  were  not  made  in  the 
apartments  to  which  Hooke  was  entitled  as 
professor  of  geometry,  but  in  those  belonging 
to  the  professor  of  astronomy  in  which  he  then 
lodged,  as  his  own  were  taken  up  for  the  use 
of  the  city. — Ward's  Lives  of  the  Professors  of 
Gresham  College,  p.  176,  note  *. 

*  Attempt,  fcc.  p.  17. 
'  Attempt,  fcc.  p.  23. 

*  Attempt,  he.  p.  25. 
1  Birch,  vol.  II.  p.  478. 

In  the 


•  Mem.  de  l'Ac.  des  Sciences  1699.  p.  177. 

•  Rowley  is  said  by  Lalande  (Astron.  §.  2802.) 
to  hare  been  desirous  of  placing  an  object-glass 
in  one  of  the  towers  of  St.  Paul's,  in  order  to 
make  observations  on  parallax,  and  to  have  been 
prevented  by  Newton,  who,  as  he  says,  "  erai- 
"  gnit  que  le  bAtiment  venant  a  changer  ne 
"  derangeat  la  situation  de  la  lunette.  Now 
this  could  not  hare  taken  place  unless  the  glass 
had  been  set  in  a  telescope  which  wax  fixed  to 
the  walls ;  and  as  it  would  in  that  case  hare 
been  Rowley's  plan  to  follow  Hooke's  method 
of  observation  with  a  micrometer,  tbe  objection 


Wallis's  Opera,  torn.  HI.  p.  701 

library  of  Corpus  Christi  college,  Oxford,  there  was  perfectly  valid.    There  is 

are  some  original  letters  of  Wallin,  in  which  imagining,  with  Lalande,  that 

he  urges  Flarasteed  to  let  him  publish  tbe  ac-  fives  may  have  operated  upon  Newton's  mind 

count  of  this  supposed  discovery  :  from  one  of  to  make  him  desirous  of  creating 
them,  it  appears  that  Wallis  translated  it  him-       '  P.  I. 
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strong  distinction  between  them,  for  Hooke's,  as  we  have  seen,  had  no  tube,  and  the  axis 
of  it  was  always  intended  to  be  directed  to  the  zenith ;  whereas  Graham's  plan  was  to  di- 
rect the  axis  of  his  instrument  constantly  to  the  star,  so  that  the  deviations  might  be  deter- 
mined by  the  angles  through  which  it  might  be  necessary  for  the  telescope  at  different  times 
to  be  moved.  For  this  purpose  the  glasses  were  fixed  in  a  tube")  made  of  strong  firm 
tin  plate,  very  carefully  and  closely  soldered  together,  which  moved  on  an  horizontal 
axis'  at  the  top  of  it.  The  whole  was  supported  by  some  iron-work,  which  was  fixed 
very  strongly  to  a  "  "large  stack  of  brick  chimneys,  which  were  quite  within  the  house, 
"  and  scarce  at  all  exposed  to  the  weather,  and  were  very  strong  old  built  chimneys1, 
"  some  part  of  the  house  being  near  three  hundred  years  old.  u  On  the  north  side  was 
"  fixed — a  small  brass  screw  which — touched  with  its  point,  which  was  directed  southward, 
"  — the  lower  end  of  the  tube — and  the  telescope  was  gently  pressed  against  the  point  of 
"  this  screw,1"  being  drawn  northward  by  a  string  passing  over  a  pulley,  with  a  small 
weight  at  the  lower  end  of  it.  As  it  must  naturally  be  supposed  that  the  pulley  would 
be  attached  to  the  wall,  it  will  follow  from  this  description,  that  the  instrument  was  not 
on  the  north  side  of  the  stack  of  chimneys.  Neither  was  it  hung  on  the  east  or  the  west 
side :  for  the  stool,  on  which  the  observer  lay,  was  always  placed  to  the  west )'  of  the  tele- 
scop';  and  the  shelf  on  which  the  lamp  was  placet!  to  illuminate  the  cross  hairs,  extended 
five  feet  to  the  east  of  it1.  The  whole  appears  likewise  to  have  lieen  placed  in  a  room 
on  the  south  side  of  the  house ;  for  in  order  to  set  the  upper  axis  duly  east  and  west,  a 
meridian  line1  was  drawn  by  the  sun  above  in  the  garret,  while  its  transit  over  the  me- 
ridian was  carefully  observed  by  an  instrument,  made  use  of  for  that  purpose  in  the 
library  below. 

These  particulars,  by  a  fortunate  concurrence  of  circumstances,  are  sufficient  to  mark 
the  precise  spot  on  which  the  instrument  was  erected.    Molyneuxb  married  lady  Eliza- 


*  P.  93.  '  P.  95.  •  P.  94.  into  this  description ;    but  even  there  be 

«  At  p.  139,  it  is  said,  that  close,  warm,  or    breaks  off  by  saying,  "  it  will  be  too  foreign  to 


damp  weather  seemed  to  bring  the  tops  of  the  "  my  present  purpose  to  give  you  a 
chimneys  southward  ;  and  dry,  clear  weather  •'  description  of  all  the  parts  of  this  curious  in- 
seemed  to  bring  them  northward.  The  same  "  strument,  since  it  could  not  be  easily  done 
remark  is  repeated  in  other  places,  but  it  is  "  without  several  draughts ;  but  if  what  I  now 
very  difficult  to  understand  how  this  effect  "  send  you  shall  be  thought  worth  commuoi- 
could  be  produced  on  such  chimneys  as  are  "  eating  to  the  curious,  I  may  hereafter  give 
here  described.  It  is  much  more  probable  that  "  them  a  more  particular  account,  not  only  of 
it  was  the  consequence  of  some  alterations  in  "  this,  but  also  of  my  own  instrument."  As 
the  iroo-work  which  supported  the  instrument,  Molyneux  put  the  description  into  his  hands, 
and  which,  being  fixed  in  a  wall  facing  the  which  is  now  printed,  (at  p.  93.)  with  per- 
south,  would  have  carried  the  top  from  it  in  mission  to  make  any  use  he  pleased  of  it,  (see 
warm  weather,  and  brought  it  back  to  the  p.  158.)  the  plates  which  were  required  to  ac- 
northward  when  contracted  by  cold.  company  the  publication,  were  probably  the 
"  P.  97.  principal  obstacle.    The  Philosophical  Trans- 


*  Some  general  idea  of  the  structure  of  the    actions  in  those  days,  were  published  by  the 

lea,  and  not  by  the  Royal  Society.  Had 


instrument  may  be  collected  from  Smith's 

drawing  of  it,  which  is  copied  in  Plate  II.  Molyneux  not  died  so  soon,  he  might  have 

fig.  5.   Bradley  certainly  thought  of  publish-  supplied  what  was  required, 

ing  a  detailed  account.  He  mentions  this  parti-  »  P.  100.       '  P.  108.       ■  P.  100. 

cularly  in  the  early  part  of  the  printed  paper  on  *  Manning  and  Bray,  History  of 

tion,  and  in  a  manuscript  copv  of  the  vol,  I.  p.  446. 
m  of  that  paper,  he  enters  more  fully 
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beth  Cupel,  and  lived  in  a  large  mansion  at  the  western  extremity  of  Kew  Green,  which 
was  the  property  of  her  family  :  about  1730,  or  soon  after,  Frederic  Prince  of  Wales 
took  a  long  lease  of  it;  and  on  the  death  of  the  Princess  Dowager,  it  became  a  resi- 
dence of  his  late  Majesty  King  George  the  Third.  The  elevation  of  the  south  or 
garden-front  has  been  copied  in  the  vignette  prefixed  to  these  Memoirs.  It  will  be  seen 
that  there  were  two  lower  wings  at  the  two  extremities,  but  the  telescope  could  not  have 
been  set  up  in  either  of  them,  for  the  focal  length  of  the  object-glass  was  c  24  feet  3  in. 
and  the  eyeglass  was  3$  feet  above  the  ground  floor1*,  which  would  require  an  elevation 
of  nearly  28  feet,  while  the  ridge  of  these  roofs  did  not  rise  more  tlian  23.  Besides  it  is 
clear  from  Molyneux's  own  description,  that  the  chimney  was  within  the  body  of  the 
house.  Now  sir  W.  Chambers  in  1763  published  very  particular  plans  and  drawings 
of  this  house,  from  which  it  appears  that  the  only  chimney,  on  the  ground  floor, 
faced  the  south,  was  in  the  eastern  of  the  two  compartments  which  flank  the 
of  the  garden-front.  The  structure  of  this  part  will  likewise  answer  in  other  particu- 
lars :  the  length  of  the  instrument  made  it  necessary  to  cut  holes  for  it  through  the 
floors'  of  the  house,  and  in  this  compartment  the  second  ceiling  from  the  ground 
was  at  the  height  of  28 f.  lOin.  The  top  of  the  telescope  must  therefore  have  reached 
into  the  uppermost  story,  and  yet  it  would  not  have  been  too  high  for  a  shelf  of  five 
feet '  to  have  been  placed  between  it  and  the  sloping  roof.  No  southern  window  in- 
deed appears  in  this  garret,  for  the  meridian  line  to  be  drawn  as  it  is  described  in 
p.  100;  but  this  difficulty  is  not  insuperable.  All  the  views  represent  the  front  of 
a  modern  building,  which  is  very  different  from  the  appearance  it  must  have  had 
in  the  beginning  of  the  last  century.  When  the  house  was  taken  down  in  1802,  it 
was  found  to  have  been  originally  built  of  red  brick,  worked  in  ornamental  grooves  and 
patterns:  over  this,  wooden  planks  had  been  fastened,  on  which  a  smooth  coaling  of 
stucco  had  been  laid.  No  tradition  could  be  traced  among  the  old  servants  of  the  palace, 
by  which  any  thing  could  be  ascertained  with  respect  to  the  garrets,  which  do  not  seem 
to  have  been  inhabited  of  later  years.  Unfortunately  the  immediate  object  of  the 
present  inquiry  did  not  present  itself  soon  enough.  If  the  building  were  now  stand- 
ing, it  is  not  improbable  that  the  traces  of  garret  windows  might  be  found  in  the  south 
wall,  and  it  certainly  is  not  clear  that  they  may  not  have  been  covered  by  the  battens. 
It  also  is  evident,  that  any  objection  derived  from  this  circumstance  will  apply  with  greater 
force  to  any  other  part  of  the  house.  In  the  centre,  the  upper  windows  belong  to  rooms 
which  cannot  with  any  propriety  be  called  garrets ;  and  it  appears*  that  the  top  of  the 
instrument  was  immediately  under  the  roof  of  the  building  h. 

The  instrument  was  set  up  on  the  26th  of  Nov.*  1725,  and  some  days  were  employed 
in  adjusting  and  preparing  every  thing  for  the  observations.  If  there  were  any  observ- 
able parallax  in  fixed  stars,  they  would  appear  to  have  the  smallest  latitude  when  in 
conjunction,  and  the  greatest  when  in  opposition.    The  object,  therefore,  in  the  - 


<p98           -  P.  100.          ■  P.  94.  house,  in  which  Dr.  Bern  mentions  (Phil. 

I  p'  |08.       *  See  p.  153.  Trsns.  vol.  LIX.  p.  189.)  thst  he  observed  the 

■  It  inav  be  well  to  preserve  the  recollection  transit  of  Venus  in  1 769,  was  near  the  bank  of 

of  another  astronomical  station  at  Kew,  al-  the  Thames,  directly  opposite  to 

Sough  of  inferior  importance.    Mr.  Kirby .  ferry.             '  P<  99. 
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instance,  was  to  determine  whether  an  analogous  variation  in  declination  could  be  de- 
lected in  y  Draconis.  It  passes  the  southern  meridian  at  noon  in  December,  and  its 
position  was  particularly  noted  by  Molyneux  on  the  3d  of  that  month.  The  motion 
which  might  be  produced  in  it  by  parallax  towards  the  pole,  would  at  this  time  have 
been  very  gradual ;  and  although  observations k  were  made  on  5th,  11th,  and  12th,  they 
seem  rather  to  have  been  looked  upon  as  means  of  verifying  the  place  of  the  star,  than 
from  any  expectation  of  promoting  the  great  object  of  the  inquiry.  But  Bradley1  re- 
peated the  observation  on  the  17th,  and  perceived  that  the  star  passed  a  little  more 
southerly  than  when  it  was  observed  before.  He  had  "  examined  every  thing  with  great 
care  before  and  after  the  observation,  and  had  satisfied  himself  by  repeated  trials  that 
the  instrument  could  be  always  adjusted  within  half  a  second ;  but  still  he  was  at  first 
inclined  to  attribute  the  difference  to  the  uncertainty0  of  the  observation.  The  star's 
declination,  however,  was  then  varying  at  the  rate0  of  about  a  second  in  three  days, 
which  must  have  made  a  difference  between  the  12th  and  the  17th,  that  exceeded 
these  limits.  Bradley  to  satisfy  himself,  resolved  to  pursue  the  inquiry;  and  on 
doing  so,  he  found  that  the  star  passed  still  more  southerly  than  in  the  former  ob- 
servation. He  says  in  his  paper,  that  this  took  place  on  the  20th  of  December;  but 
it  appears  from  the  Kew  observations  to  have  been  on  the  21st  P.  The  variation  may  be 
very  easily  accounted  for.  The  star  now  having  passed  the  conjunction,  came  to  the 
meridian  before  noon,  and  consequently  it  was  observed,  according  to  astronomical 
reckoning,  on  the  20th,  but  according  to  the  civil  division  of  the  day,  on  the  21st. 
This  day  (o.  s.)  in  1725,  as  it  is  stated,  fell  on  a  Tuesday;  but  there  is  a  much 
more  curious  proof  of  the  true  date.  The  identical  loose  piece  of  paper  has  been 
accidentally  found,  on  which  Bradley  made  the  original  memorandum  of  the  observation. 
A  facsimile  of  this  extraordinary  document  will  be  found  opposite  to  p.  134;  and  if  it 
is  compared  with  Molyneux's  account,  it  may  be  seen  that  they  both  agree  in  the  time, 
as  well  as  in  all  other  essential  particulars. 

In  the  Histoire  de  TAstronomie  au  dix-huitieme  siccle,  the  remarks  on  this  observa- 
tion are  very  inaccurate.  Delambre  wrote  with  great  rapidity,  and  in  the  vast 
extent  of  his  reading,  it  is  not  wonderful  that  matters  of  detail  should  sometimes  have 
escaped  his  attention  I  allowance  likewise  must  be  made  for  his  not  having  lived  to 
publish  this  part  of  his  work ;  but  still  the  accounts  which  it  contains,  and  the  opinions 
which  are  founded  on  them,  have  gone  out  to  the  world  with  the  sanction  of  his  high 
authority,  and  therefore  must  not  be  left  unnoticed. 

He  says'),  "  Samuel  Molyneux,  auteurd'une  Dioptrique  dont  nous  avonsdeja  parle... 
"  qui  avait  si  bien  etudie  Tun  des  livres  de  Picard,  devait  probablement  avoir  une  egale 
"  connaissance  du  voyage  d'Uranibourg  ou  Picard  declarait  assez  clairoment  que  les  roou- 
"  vemens  observes  par  lui  ne  tenaient  ni  a  la  parallaxe  ni  aux  refractions."  Instead  of 
waiting  for  the  accelerated  motion  which  might  be  produced  by  parallax,  "  il  aurait  done 
"  fallu  continuer  assidumcnt  les  observations  commencees,  ne  ffit-ce  que  pour  micux  con- 
"  stater  l'6tat  stationnaire  de  Te'toile,  ou  pour  n'avoir  rien  a  se  reprocher,  si  les  mouvc- 
"  mens  venaient  (Tune  cause  encore  inconnuc,  et  suivaient  une  autre  inarchc  que  la 

"  P.  2.     1  P.  2.      o>  P.  J09,  1 10.      »  P.  2,  3.     •  P.  3.     P  P.  134.      «  Hist.  p.  414. 
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"  paralUxc  Cost  ce  que  penaa  probahlcment  Bradley,  qui  so  trouvait  hcureusement  a 
"  Kew."  He  then  give*  the  account  of  what  took  place  on  the  17th  and  20th  of  Decem- 
ber, and  of  the  motion  which  was  afterward  ascertained .    He  concludes  by  saying, 

Comme  Picard,  Molyneux  trouve  a  l'etoile  un  mouvement  de  39"  dont  la  penode  est 
"  annuelle."  Now  it  certainly  is  too  much  to  assume  that  the  knowledge  of  one  treatise 
must  prove  an  equal  acquaintance  with  any  other  work  of  the  same  author;  but  even  if 
this  were  admitted,  it  does  not  apply  to  the  individual  in  question.  The  treatise  of 
Dioptrics,  which  is  the  foundation  of  all  the  reasoning,  must  be  the  Dioptrica  Nova 
which  was  published  by  William  Molyneux  in  1692,  when  Bradley 's  friend,  Samuel 
Molyneux,  was  only  three  years  old.  Neither  is  it  quite  fair  to  argue  from  what  we  now 
know  of  the  event,  that  he  ought  not  to  have  made  any  intermission  in  his  observations; 
on  that,  however,  there  may  be  a  difference  of  opinion,  but  with  respect  to  the  fact  there 
can  be  none.  There  is  no  reason  whatever  for  supposing  that  the  motives  assigned  by 
the  historian  were  even  present  to  Bradley's  mind :  on  the  contrary,  he  tells '  us  dis- 
tinctly himself,  that  it  was  chiefly  curiosity,  which  tempted  him  to  make  the  observation 
on  the  17lh.  Delambre  seems  to  have  been  actuated  by  too  eager  a  zeal  for  the  reputa- 
tion of  his  illustrious  countryman.  Picard  was  the  first  to  bring  forward  an  undeniable' 
objection  to  Hooke's  supposed  discovery  of  the  parallax  of  the  fixed  stars.  He  also  de- 
tected some  extraordinary  annual  motion  in  the  pole  star,  which  during  a  portion  of  the 
year  could  not  be  accounted  for  either  by  parallax  or  refraction ;  but  instead  of  his 
observations  having  given  the  direction  to  Bradley's,  or  having  formed  the  foundation' 
of  his  discoveries,  it  was  by  those  very  discoveries  (which  were  necessary  to  explain 
them)  that  they  were  recalled  into  notice,  and  that  their  value  was  established. 

This  is  not  said  to  diminish  the  merit  which  belongs  to  Picard,  but  merely  to 
correct  an  historical  statement,  which  points  most  inaccurately  to  a  connection  which 
never  existed.  There  is  no  reference  to  the  authority  for  Picard's  having  assigned 
39"  for  the  limits  of  annual  variation  in  declination,  and  it  is  not  contained  in  the 
Voyage  d'Uranibourgu :  indeed  so  precise  a  determination  of  the  quantity  could  not 
have  been  made  in  that  work,  wherein  he  does  not  claim  for  his  observations  to  be  cer- 
tain within  less  than  *  10"  of  the  truth.  Molyneux,  indeed,  found  89"*  i  but  it  was  for 
y  Draconis,  whereas  Picard's  remarks  refer  to  Polaris :  and  although  this  circumstance 
would  only  have  increased  the  variation  by  1",  still  there  seems  to  be  a  confusion  in 
taking  both  the  stars  together  under  the  single  designation  of  "  lVtoile."  This  is  of  the 
more  importance  to  the  present  question,  because  Picard  seems  to  have  considered  the 
motion  which  he  describes  as  belonging  especially  to  the  pole  star.  We  should  therefore 
hesitate  in  blaming  Molyneux,  even  if  his  plan  did  not  extend  to  the  verification  of  the 
observations  which  had  been  made  at  Uranibourg.  These,  likewise,  although  they  indi- 

»  P.  2.  the  subject  must  be  removed,  by  his  saying 

•  Le  Monuier,  Hist.  Celest.  p.  252.  afterwards,  that  "  vers  la  fin  de  lannee,  tout  se 

*  Lalande  Astr.  2798.  -  trouve  compense,  en  sorte  que  la  polaire 
»  He  savs,  indeed,  "  que  l  etoile  polaire    "  paruist  plus  proche  d'environ  20"  qu  elle 


•'  s'approcbe  annuellemcnt  du  pole  d'environ  "  n'etoit  uii  an  aiiparavant." 
••  20","  but  this  refers  to  the  regular  annual       •  Voyage,  fol.  p.  19. 
variation  from  precession,  &c. :  if  this  were  not       t  P.  3. 
sufficiently  clear  from  the  context,  all  doubt  on 
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cated  the  existence  of  some  other  independent  cause,  by  no  means  proved,  even  to  Picard 
himself,  that  this  cause  might  not  lie  combined  with  refraction  and  parallax ;  and  the 
obscurity  arising  from  this  complexity,  might  in  those  times  have  tended  to  throw 
them  into  hopeless,  though  undeserved  neglect. 

There  is  no  reason,  however,  for  wandering  into  this  wide  field  of  conjectures.  Brad- 
ley, above  an  hundred  years  ago,  told  us1  plainly  that  the  ol»crvations  at  Kew  were 
begun  in  hopes  of  verifying  and  confirming  those  of  Dr.  Hookc;  and  he  returns  to  this 
subject  at  the  end  of  his  paper,  where  he  states,  as  the  result  of  the  original  object  of  his 
inquiry,  that  if  the  parallax  of  the  fixed  stars  had  amounted  to  1",  he  thinks  he  should 
have  jwrceived  it.  We  have  now  likewise  the  concurrent a  testimony  of  Molyncux,  and 
there  cannot  be  the  slightest  reason  for  doubting  the  accuracy  of  their  statement;  never- 
theless,  it  is  not  without  its  interest  to  trace  the  accidental  accordance  of  independent 
circumstances  with  the  truth.  Bradley1*  had  been  acquainted  with  the  whole  contrivance 
of  Graham's  instrument;  it  is  not  improbable,  therefore,  that  Pound  (who  only  died  a 
year  before  it  was  set  up)  had  likewise  had  his  share  in  arranging  the  object  and  plan  of 
inquiry :  there  are  entries  in  his  account  bookc  which  agree  well  with  the  supposition 
of  his  being  in  the  habit  of  visiting  Molyneux.  Now  their  papers  contain  no  reference 
whatever  to  Picard ;  but  we  find  among  them  copies  carefully  made  out  and  particularly 
noted  of  Flamsteed's  observations  of  Polaris,  which,  as  Bradley  remarks  in  his  post- 
script, really  give  the  apparent  motion  of  the  star,  both  in  quantity  and  direction  very 
nearly  the  same  as  would  be  deduced  from  his  own.  Yet  so  completely  were  the  minds 
of  both  occupied  by  the  single  object  of  making  out  a  parallax,  that  they  appear,  like 
Flamstced  himself,  to  have  considered  its  existence  to  l>e  indicated  by  these  very  facts. 

'Die  method  of  making  the  observations  with  Graham's  sector  was  very  simple;  a 
plumblinc  was  hung  over  the  centre  of  the  axisd  upon  which  the  instrument  turned,  and 
was  made  to  pass  over  a  fine  point  on  the  lower  part  of  the  telescope*.  This  coin- 
cidence was  adjusted  when  the  axis  of  vision  was  directed  to  y  Draconis  on  the  3d  of 
December',  and  the  subsequent  deviations  were  then  easily  measured  by  the  micro- 
meter screw.  The  time  at  which  this  adjustment  was  made  happened  to  lw  most 
favourable.  If  the  observations  had  been  begun  three  months  sooner,  the  star  by  the 
effect  of  aberration  would  have  been  moving  southward ;  but  that  is  the  direction  in 
which  it  would  then  have  been  carried  by  parallax.  The  rate  of  variation  would 
indeed  have  been  different  from  the  two  causes,  and  a  continuance  of  the  observa- 
tions beyond  the  conjunction  would  have  marked  still  more  decidedly  the  difference  of 
their  effects ;  but  if  any  accident  had  operated  to  prevent  this  continuance,  a  false  con- 
clusion might  have  been  drawn,  and  at  all  events  an  impression  for  three  months  would 
have  existed  in  favour  of  parallax,  which,  as  there  was  no  small  opinion  B  of  the  correct- 
ness of  Hooke's  observations,  would  have  thrown  difficulties  in  the  way  of  arriving  at 
the  truth.  There  is  little  doubt  that  Bradley  would  have  disentangled  the  clew,  but  it 
was  fortunate  that  this  trouble  was  spared  him,  and  that  the  first  step  to  his  great  dia- 

*  P.  I.  •  P.  93.  *  P.  109.         in  town,  going  and  coming   II.  1H«. 

•  1 722,  Mnv  2 1 .  Bv  expenses  at  Kew,  and  1 723,  Oct  1 1 .  By  a  journey  to  Richmond, 
going  '.  0/.  15*.    and  pocket  expenses,  and  things  bought  2/.  18.. 

Aug.  4.   By  expenses  at  Kew,  and       '  P.  95.    «  P.  97.    1  P.  105.     I  P.  M>. 
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covery  presented  itself  clearly  and  decidedly  to  his  view.  The  observations  were  care- 
fully  pursued,  and  the  southerly  motion  which  was  detected  in  December  was  found  to 
continue  advancing  in  the  same  direction  till  the  beginning  of  the  following  March h, 
when  it  had  carried  the  star  20"  from  the  place  in  which  it  had  first  been  seen.  By  the 
middle  of  April  the  star  appeared  to  be  returning  bark  again  towards  the  north,  and 
about  the  beginning  of  June  it  passed  at  the  same  distance  from  the  zenith  as  it  had 
done  in  December.  It  continued  to  move  in  this  manner,  northward,  till  September, 
being  then  no  less  than  39"  more  northerly  than  it  was  in  March.  From  September,  the 
star  returned  towards  the  south,  till  it  arrived,  in  December,  at  the  same  situation  it  was 
in  twelve  months  before,  allowing  for  the  difference  of  declination  on  account  of  the  pre- 
cession of  die  equinox. 

A  phenomenon  so  contrary  to  what  had  l»een  Uxiked  for,  naturally  suggested  in 
the  first  place  an  examination  of  the  instrument  by  which  it  had  lieen  seen ;  but 
repeated  trials  having  shewn  its  great  exactness,  and  the  existence  of  the  star's  apparent 
motion  being  thus  placed  beyond  a  doubt,  the  next  inquiry  was  for  the  cause  of 
it.   "  'A  nutation  of  the  earth's  axis  was  one  of  the  first  things  that  offered  itself  upon 
"  this  occasion,  but  it  was  soon  found  to  be  insufficient ;  for  though  it  might  have 
"  accounted  for  the  change  of  declination  in  y  Drac.,  yet  it  would  not  at  the  same  time 
"  agree  with  the  phenomena  in  other  stars,  particularly  in  a  small  one  almost  opposite  in 
"  right  ascension  to  y  Drac.,  at  about  the  same  distance  from  the  north  pole  of  the  equa- 
"  tor :  for  though  this  star  seemed  to  move  the  same  way  as  a  nutation  of  the  earth's  axis 
"  would  have  made  it,  yet,  it  changing  its  declination  but  aliout  half  as  much  as  y  Drac., 
"  in  the  same  time,  (as  appeared  upon  comparing  the  observations  of  both  made  upon 
"  the  same  days,  at  different  seasons  of  the  year,)  this  plainly  proved  that  the  apparent 
"  motion  of  the  stars  was  not  occasioned  by  a  real  nutation,  since,  if  that  had  been  the 
"  case,  the  alteration  in  both  stars  would  have  been  equal."    This  is  conclusive,  but 
there  is  some  little  difficulty  in  understanding  how  that  can  be  said  to  have  been  soon 
done,  which  was  the  result  of  observations  at  different  seasons  of  the  year.    The  words, 
however,  in  the  parenthesis  seem  to  have  been  added  in  confirmation  of  the  previous 
assertion,  without  its  being  noticed  that  a  discrepancy  was  introduced  by  the  addition  : 
and  this  supposition  is  perfectly  consistent  with  the  facts.    As  early  as  the  3d  of  Jan. 
1726,  within  a  fortnight  after  Bradley's  first  decisive  observation,  we  find  them  looking 
for  a  star  opposite  to  y  Draconis  in  right k  ascension.    Molyncux's  instrument  took  in  a 
very  small  range,  but  he  found  what  was  sufficient  for  his  purpose:  he  calls  it  "  Tele- 
scopica  in  Auriga,"  and  Bradley  informs'  us  that  it  was  the  same  with  Flamsteed's "> 
35th  of  the  Hcvelian  constellation  of  the  Camelopard.    Its  zenith  distance  was  not 
observed  on  this  night,  when  the  great  object  seems  to  have  been  to  fix  upon  an 
Anti-Draco,  (as  it  is  afterwards"  called,)  but  the  position  of  it  was  taken  on  the  7th 
of  January,  and  on  the  3d,  12th,  and  20th  of  February.    During  this  time,  its  motion 
was  uniformly  towards  the  north,  and  was  found  to  amount  upon  the  whole  to  5" :  be- 
tween the  3d  of  January  and  the  13th  of  February  y  Draconis  had  been  found  to  move 

»  P.  3.    1  P.  3.    "  P.  140.    1  P.  1 1,  212.     Fund.  Astr.  p.  I7C,  where  it  is  described  as 
•»  Flarosteed  only  gires  its  declinntion  ;  but    being  of  the  seventh  magnitude, 
the  exact  place  is 'assigned  to  it  in  Bessel's       °  P.  141. 
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9",1  to  the  south ;  it  was  therefore  soon  seen  that  a  nutation  of  the  earth's  axis,  though 
it  might  lie  consistent  with  the  direction,  was  insufficient  to  account  for  the  relative  quan- 
tities of  motion  in  the  two  stars.  But  it  may  be  remarked,  that  the  instrument  worked 
to  a  degree  of  accuracy  for  which  they  were  not  prepared0,  and  they  could  hardly  at  this 
early  period  have  acquired  complete  confidence  in  their  observations  of  such  minute 
quantities;  the  star,  likewise,  began  to  approach  its  conjunction  in  the  spring,  and  as  it 
was  too  small  for  them  to  be  able  to  observe  it  by  daylight,  they  were  obliged  to  suspend 
their  inquiries  on  this  point  to  a  "  different  season  of  the  year."  It  will  be  seen  that 
they  returned  to  it  in  the  autumn,  but  in  the  meantime  they  did  not  abandon  the  spe- 
culations on  nutation.  There  is  a  paper  in  Molyneux's  hand  writing,  in  which  he  says, 
"  If  the  angle  of  inclination  of  the  equator  to  the  ecliptic  he  less  on  December  10  than 
"  on  March  10,  then  a  telescope  directed  to  the  zenith  on  the  10th  of  December,  and 
"  continuing  so  directed  to  the  10th  of  March,  will  point  more  northerly  in  March  than 
"  in  December  preceding ;  and,  consequently,  the  fixed  stars  viewed  through  it  will 
"  have  a  seeming  or  apparent  motion  southward,  and  will  appear  most  southward  in 
"  March.  This  exactly  agrees  with  what  we  have  observed  in  the  vertical  instrument; 
"  for  Caput  Draconis  appeared  to  go  southward  from  December  1725  to  March  1725-6; 
"  and  in  the  whole  went  south  21".r>  The  paper  was  probably  drawn  up  in  the  month 
of  March,  since  the  alteration  in  the  direction  of  the  motion  which  was  observed  in 
April  would  otherwise  have  naturally  been  taken  notice  of.  But  there  is  another  paper 
about  which  there  can  be  no  doubt  in  this  respect,  as  Molyneux  has  endorsed  it — 
"  Mr.  Bradley,  July  2, 1726,  Nutation  of  the  earth's  axis."  In  this  it  is  supposed  that 
the  effect  would  "  make  Caput  Draconis  seem  to  move  south  from  September  to  March, 
"  and  north  from  March  to  September,"  which  shews  that  the  laws  of  a  solar  nutation 
had  not  been  rightly  ascertained  at  the  time :  but  their  dwelling  on  the  subject  proves 
that  they  did  not  consider  their  instantia  cruris  to  have  been  completed,  by  the  observa- 
tions which  they  had  hitherto  been  able  to  make  on  the  Telescopica  in  Auriga. 

In  the  same  interval  also,  they  considered  "  what  refraction  might  doP."  It  is  not  easy 
to  imagine  how  a  regular  annual  effect  could  be  produced  by  such  a  cause;  but  there  is 
a  paper  which  explains  the  manner  in  which  it  was  supposed  that  it  might  have  operated ; 
and  figs.  4  and  5,  plate  A,  are  copies  of  the  diagrams  drawn  to  explain  the  hypothesis.  It  de- 
pends upon  the  alteration  which  the  figure  of  the  atmosphere  might  be  supposed  to  undergo 
from  the  earth's  possibly  moving  in  a  resisting  medium.  In  such  a  case,  the  upper  sur- 
face "  will  probably  not  preserve  its  exact  spherical  figure,  but  will  be  altered  into  an 
"  oblong  spheroidical  figure,  whose  longest  diameter  will  be  in  the  direction  wherein  the 
"  earth  is  then  moving  in  its  orbit,  and  the  earth  will  be  nearest  to  the  advancing  end 
"  of  this  spheroid.  The  immediate  consequence  of  this  will  be,  that  all  objects  seen  in 
"  the  zenith  of  any  part  of  the  earth  will  suffer  a  small  refraction,  the  rays  coming  from 
"  such  object  being  bent  in  the  upper  regions  of  the  atmosphere  always  towards  the  fol- 
"  lowing  end  of  the  spheroid.  It  will  be  further  considered,  that  the  long  diameter  of 
"  this  spheroid  lies  in  the  plane  of  the  ecliptic,  and  being  always  a  tangent  to  that  part 
"  of  the  earths  orbit  where  it  then  is,  it  will  in  the  space  of  a  year  make  one  whole 
"  revolution ;  so  that  when  the  earth  is  at  D,  a  ray  of  light  falling  from  the  zenith  (if 

•  P,  104.  p  P.  6. 
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"  perpendicular  to  the  plane  of  the  ecliptic)  will  be  refracted  towards  T;  when  the  earth 
"  is  at  F,  this  ray  will  be  refracted  towards  A;  when  the  earth  is  at  M,  towards  B." 
Hence  it  is  concluded,  that  a  star  like  y  Draconic,  which  is  near  the  pole  of  the  ecliptic, 
will  be  made  to  appear  to  describe  nearly  a  circle  round  its  true  place ;  "  but  if  the 
"  observer  hath  an  opportunity  only  to  measure  the  variations  of  the  place  of  this  star 
"  as  to  north  and  south,  and  this  is  all  we  can  do  by  reason  of  the  diurnal  rotation  of 
"  the  earth,  then  when  the  earth  moves  from  D  to  F,  the  star  will  appear  to  him  to 
"  have  gone  southward  by  such  a  quantity,  as  is  to  the  total  refraction,  as  the  sine  of  the 
"  angle  D  S  F  is  unto  the  radius."  For  any  other  star  which  is  not  near  the  pole  of  the 
ecliptic,  "  the  rays  falling  from  it  respectively  on  parts  of  the  curve  of  the  upper  region 
"  of  the  atmosphere,  whose  tangents  arc  differently  inclined  to  the  said  rays,  this  will 
"  disturb  the  above  proportion  but  still  upon  the  whole,  he  considers  that  the  observa- 
tions of  Telcscopica  in  Auriga  and  the  star  in  Cap.  Persei  will  agree  in  general  with 
the  hypothesis. 

This  paper  is  very  curious  on  account  of  the  hypothesis  which  it  details ;  but  still 
more  for  the  advance  which  it  shews  that  they  had  made  in  analyzing  the  motion  which 
had  been  detected.  It  is  dated  June  18,  1726,  and  we  clearly  discover  from  it,  that 
they  already  saw  the  effects  to  be  such  as  might  be  produced  by  some  cause  which  would 
make  the  stars  appear  to  vary  their  places  in  the  direction  in  which  the  earth  was  moving 
at  the  time  of  the  observation.  From  hence  it  followed,  as  is  particularly  stated,  that 
the  apparent  motion  would  not  be  merely  north  and  south  in  the  line  of  the  meridian, 
but  that  it  might  make  the  heavenly  bodies  describe  a  curve  about  their  true  places. 
The  curve  was  supposed  to  be  circular  for  y  Draconis,  which  was  situated  at  the  centre 
of  it:  and  this  would  prolwbly  have  suggested  that  the  variation  in  declination  might  be 
proportional  to  the  sines  of  the  distances  from  the  place  in  which  it  was  neither  above 
nor  below  its  true  position.  This  law  they  had  endeavoured  to  verify;  for  it  is  expressly 
mentioned,  that  "  the  quantities  of  the  alteration  of  its  (y's)  place  were  always  proportional 
"  to  the  sines  of  the  sun's  distance  from  the  solstice."  Bradley,  taking  his  0  from  the  ex- 
tremities, states  the  differences  from  the  maxima  to  be  nearly  as  the  versed  sines  of  the  dis- 
tance from  the  equinox  i.  Mr.  Delambrc  points  out  that  this  was  the  accidental  consequence 
of  the  position  of  y  Draconis,  and  "  n'etait  qu'un  hazard  heureux."  It  was  certainly  no 
small  encouragement  to  the  early  investigation  of  the  problem,  that  something  was  found 
to  rest  upon,  which  might  be  afterwards  modified  as  circumstances  should  require.  But 
if  it  facilitated  the  calculations,  it  must  likewise  be  observed,  that  it  operated  on  the  other 
hand  to  lead  them  astray  from  the  true  cause  of  the  phenomenon.  The  earliest  specu- 
lations on  the  means  by  which  the  apparent  motion  might  be  produced,  were  directed  in 
consequence  to  the  earth's  place  in  its  orbit  with  reference  to  the  sun,  rather  than  with 
reference  to  the  particular  star.  There  were  indeed  some  subsequent  attempts,  as  we  have 
just  seen,  to  combine  the  two;  but  the  fundamental  position  was  always  taken  upon  the 
sun's  distance  from  the  equinox  or  the  solstice.  It  even  suggested  that  parallax  might  not 
only  enter  into  the  cause  of  plienomenon,  but  might  even  be  determined  from  it.  This 
appears  from  a  notice  in  one  of  the  books  which  Bradley  used  for  rough  entries  and  calcu- 
lations ;  it  was  probably  written  on  the  first,  or  at  least  before  the  seventh  of  October  1 726, 
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and  is  as  follows :  "  The  star  Caput  Draconis  has  moved  from  north  to  south  between 
»  March  10th  and  June  10th  20",9;  between  June  10th  and  September  11th  IT',7; 
"  and  if  the  difference  is  owing  to  the  parallax  of  the  earth's  orbit,  that  parallax  will 
"  conspire  to  make  the  star  seem  to  move  from  south  to  north  from  March  to  June,  and 
"  the  contrary  from  June  to  December;  so  that  the  difference  of  its  motion  between 
"  March  and  June,  and  June  and  March r,  will  be  equal  to  the  whole  parallax  of  the 
"  earth's  orbit.  We  may  therefore  from  the  observations  conclude,  that  the  diameter  of 
"  the  earth's  orbit  at  Caput  Draconis  subtends  an  angle  of  8"." 

Molyneux  ends  his  paper  on  refraction  by  saying,  "  I  have  wrote  down  this  hypothe- 
"  sis  this  day,  not  as  a  thing  which  I  look  upon  as  certain  and  demonstrative,  but  barely 
"  as  a  probable  conjecture,  to  be  examined  by  further  observations."  There  is,  however, 
another  paper,  in  which  reasons  are  detailed  for  abandoning  the  hypothesis.  How  soon 
this  took  place  is  not  stated :  the  next  date  which  can  be  ascertained  is  Sept.  28,  when 
their  attention  was  again  directed  to  Telescopica  in  Auriga.  It  was  not  observed  after- 
wards, till  the  26th  of  November ;  but  these  two  observations  were  at  a  "  different  season 
"  of  the  year"  from  those  which  had  been  previously  made,  and  confirmed  them  in  the 
opinion  which  they  had  probably  "  soon"  begun  to  entertain  with  respect  to  the  insuffi- 
ciency of  their  views  of  nutation.  The  following  curious  entry  occurs  in  Bradley's  book 
which  has  just  been  referred  to. 

Dm*  TVJrtnijiim.  Permu. 

"Jan.  7.  10,2  S.  21,3  N.  7,5  N. 

"Feb.  12.  18,7  S.  26,1 

"  Sept.  27.  16,4  N.  8,9 

"  Nov.  26.  1,5  N.  15,5  15,2  N. 

"  According  to  these  numbers,  the  alteration  in  Caput  Draconis  is  to  that  of  the  Tele- 
"  scopica  in  Auriga  always  as  the  latitude  of  the  one  and  the  other :  and  the  same  pro- 
"  portion  holds  likewise  in  Perseus,  allowing  for  his  alteration  in  declination." 

The  memorandum  which  follows  this  entry  is  dated  Dec.  2.  We  have  therefore  now 
arrived  at  the  close  of  the  first  year's  inquiry,  in  which  much  had  been  done.  The  exist- 
ence of  the  motion  had  been  established,  and  for  y  Draconis  the  approximate  law  of  its 
variation,  as  well  as  its  maximum  in  declination,  had  been  ascertained.  No  progress 
had  indeed  been  made  in  discovering  the  true  cause  of  the  phenomenon,  but  the 
observations  to  which  they  had  had  recourse,  as  tests  of  the  hypotheses  which  occurred 
to  them,  had  given  a  clew  to  further  investigation.  It  had  been  found  that  the  quantity 
of  the  motion  in  declination  was  somehow  connected  with  the  latitude  of  the  star.  The 
precise  nature  of  this  connection  does  not  yet  appear  to  have  been  distinctly  made  out, 
but  it  was  now  clearly  seen,  that  the  few  stars  which  passed  within  the  narrow'  range  of 
Molyncux's  instrument  were  insufficient  for  the  complete  examination  of  the  question. 
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CHAP.  III. 

Bradley's  zenith  sector— The  place  where  it  was  erected  at  Wansted — Construction  of  the 
instrument— Observations  made  with  it— Laws  of  the  apparent  motion  more  particularly  made 
out  in  1727. 

BRADLEY  now  determined  on  setting  up  another  instrument  for  himself,  and  must 
have  begun  his  arrangements,  for  that  purpose  early  in  1727.  It  may  be  seen1  that  he 
had  got  his  object-glass,  and  had  examined  the  centring  of  it  in  the  latter  end  of  March, 
and  there  is  an  entry  made  on  the  11th  of  that  month  with  respect  to  the  azimuth  of 
the  chimneys  against  which  the  telescope  was  to  be  erected.  His  means  at  this  time  were 
very  limited.  There  happens  to  be  a  memorandum,  from  which  it  appears  that  his  pro- 
fessorship in  1724  brought  him  only  1381.  5*.  9d.  per  annum ;  and  it  is  not  known  that 
he  had  any  other  source  of  income ;  but  the  "  res  angusta  domi"  were  not  suffered  to  be 
any  impediment  in  the  pursuit  of  his  object.  In  the  first  rough  draught  of  the  paper 
on  aberration,  he  complains  that  he  had  in  several  "journeys  to  Kew  been  succes- 
"  sively  hindered  by  clouds  from  making  any  observations"  when  he  arrived  there;  he 
was  anxious,  therefore,  to  multiply  his  observations,  as  well  as  to  increase  the  objects 
of  them,  by  having  the  means  always"  at  hand  with  which  he  might  prosecute  with 
more  ease  and  certainty  his  inquiry  into  the  laws  of  this  new  motion. 

He  tells  us1,  that  he  had  no  convenient  place  in  which  he  could  make  use  of  so  long 
a  telescope  as  Molyneux *».  This,  connected  with  the  locality  of  Wansted,  has  suggested 
to  M.  DelambreX  that  it  was  to  be  used  in  his  uncle's  house.  Laiande  also  alludes  to 
Pound2  upon  this  occasion;  but  Pound  had  now  been  dead  more  than  two  years,  and 
the  rectorial  house  had  passed  into  the  occupation  of  a  stranger.  Another  more  gene- 
rally received  opinion  has  been,  that  he  was  accommodated  in  the  house  of  Mr.  Wy- 
ntoiHlcsold,  whom  he  mentions,  in  the  paper  on  nutation*,  as  the  friend  by  whose  kind- 
ness his  instrument  remained  for  twenty  years  in  the  place  where  it  was  first  erected. 
He  speaks  likewise  of  being  deterred,  after  he  went  to  reside  at  Oxford,  from  his  ob- 
servations, when  they  were  to  be  made  at  such  hoursb  of  the  night  as  would  have 
incommoded  the  family  of  the  bouse  in  which  the  instrument  was  fixed.  This  conjec- 
ture seems  to  he  the  most  plausible  which  could  be  thought  of  in  the  absence  of  more 
direct  evidence,  and  yet  it  is  attended  with  several  difficulties.  Mr.  Wymondesold's 
was  an  old  mansion,  built  in  1690,  by  sir  F.  Dashwoode ;  and  whatever  objection  then- 
might  be  from  other  reasons,  there  could  have  been  no  want  of  a  place  in  it  which  would 
liave  admitted  as  long  a  telescope  as  that  at  Kew.  We  shall  hereafter  sec  reason  to 
understand  more  clearly  the  disturbance  to  which  a  family  would  have  been  subjected 
by  his  observations  at  night,  but  it  will  be  necessary  first  to  ascertain  the  precise  place 
in  which  they  were  made. 

After  Pound's  death,  Bradley  tells  us  that  he  observed  at  his  "  aunt  Pound's  house 
"  in  Wansted  town."    He  began  to  do  so  in  July<«  1725,  and  he  continued  to  reside 
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with  her  for  several  years.  The  house  must  have  been  small,  the  ground  room  of  it  was 
only  74  feet  high',  with  what  appears  to  have  been  a  loft  or  garret  over  it  Among  the 
observations  there  is  an  incidental  notice  in  1727  of  his  having  meridian  "  marks 
"  on  the  wall  at  the  bottom  of  Mr.  Wymondesold's  garden."  This  must  have  been  to 
the  north:  for  May  1, 1729,  the  transit  was  adjusted  "  by  two  spots  on  the  wall  on 
44  Mr.  Will's  house,"  which  must  have  l>een  near,  and  on  the  south,  for  11  when  the  sun 
44  passed  the  meridian  instrument,  Oct.  25, 1725,  his  centre  appeared  just  above  the  wall 
"  of  Mrs.  Will's  house,  part  of  the  under  limb  licing  hid  by  it."  From  a  memorandum 
made  in  Mayf  1731,  it  may  be  seen  that  another  house  had  then  been  recently  built  up 
on  the  north  side  of  Mrs.  Pound's,  and  it  is  not  improbable  that  a  row  may  have  been 
continued  in  that  direction.  The  walls  of  the  house  were  not  exactly  in  the  direction  of 
the  cardinal  pointsS  of  the  compass,  for  he  says  that "  1725,  Sept.  15th.  22h.  34'  app.  time, 
44  the  sun  was  in  the  same  azimuth  as  Wansted  tower  from  my  aunt's  house ;  the  sun's 
44  azimuth  was  then  26"  «  10"."  This  must  have  referred  to  the  church  tower,  for  the 
building  in  the  woods,  on  the  hill  to  the  east  of  Wansted,  was  not  erected  before  1730. 
Finally,  there  is  fortunately  a  book  of  Bradley's  preserved  at  Greenwich,  in  which  he 
has  entered  this  precise  notice.  44  N.  B.  Wansted  tower  is  42  chains  distant  from  the 
44  house  where  my  sector  was  placed,  and  lay  26°  8'  (in  azimuth)  cost  of  the  meridian, 
44  as  viewed  from  the  house." 

An  actual  measurement  may  now  at  any  time  determine  the  particular  spot ;  but 
although  unnecessary  for  such  a  determination,  it  may  be  permitted  to  preserve  the 
memory  of  some  other  circumstances  connected  with  so  very  interesting  a  subject.  There 
can  be  no  doubt  that  the  place  was  near  the  west  front  of  the  house,  which  is  now  the 
property  and  in  the  occupation  of  the  hon.  Mrs.  A.  Kushout ;  and  much  of  the  little 
tradition,  which  can  yet  be  collected,  agrees  in  general  with  this  situation.  T.  Barker, 
who  had  been  many  years  parish  clerk  of  Wansted,  and  who  died  in  1831,  at  the  age  of 
93,  reported  that  he  had  heard,  when  a  boy,  of  astronomical  observations  having  been 
made  by  Dr.  Bradley  in  the  house  which  is  occupied  by  Joshua  Knowles,  Est}.,  and 
that  the  instrument  was  fixed  in  the  cellar,  from  which  the  observations  could  be  made  at 
noon  day  through  an  opening  in  the  roof.  This  house,  which  is  on  the  south  side  of  the 
entrance  to  Mrs.  Hushout's,  was  a  part  of  Mr.  Wymondesold's  estate,  and  certainly  is  as 
old  as  the  licginning  of  the  last  century  ;  but  the  rooms  arc  too  lofty,  and  the  whole  of 
it  is  much  superior  to  that  occupied  by  Mrs.  Pound ;  it  is  not  such  a  building  as  could 
ever  have  had  its  north  end  supported  merely  44  by  a  timber  partitionb,"  and  the  houses 
to  the  south  of  it  lie  all  open  to  the  east,  whereas  Bradley's  meridian  lay  on  the  west 
of  Mr.  Will's  house;  for  1726,  Oct.  13,  he  says,  44  j3  of  Capricorn  is  the  lowest  point 
44  that  can  be  observed  by  the  middle  thread,  that  star  appearing  from  behind  the  wall 
44  just  as  'tis  upon  the  thread." 

By  an  examination  of  the  old  parish  books,  it  was  found  that  n  person  of  the  name  of 
Wills,  or  Wells,  certainly  lived  in  this  part  of  the  town ;  and  from  the  same  source  of 
information  it  was  collected  that  Mrs.  Pound's  house  was  occupied  about  1735  or  36, 
by  a  Mrs.  Eliz.  Williams,  who  was  supposed  by  some  old  inhabitants  to  have  lived  in  the 
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clock  house,  at  a  short  distance  to  the  north-went  of  Mr.  Knowles's.  In  this  supposition, 
however,  there  must  have  been  some  mistake ;  it  never,  indeed,  was  Mr.  Wymondesold's 
property ;  but  that  is  not  conclusive :  what  negatives  the  idea  is,  that  the  rooms  are  too 
high,  that  the  whole  building  contains  too  many  floors,  that  the  chimneys  will  not  answer 
Bradley's  description,  and  that  there  are  no  traces  of  any  habitation  on  the  south  of  it. 

There  is  no  house  at  present  existing  which  will  answer  in  all  points  to  what  we  are 
able  to  collect  of  Mrs.  Pound's.  An  old  contemporaneous  mop,  however,  enables  us  so 
clearly  to  see  the  situation  of  it,  that  a  copy  of  what  is  requisite  for  this  purpose  is  here 
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The  original  was  published  by  Roque,  from  an  actual  survey  for  several  miles  round 
London,  begun  in  1741,  and  completed  in  1745'.  A  circle  has  been  drawn,  whose 
centre  is  in  the  western  end  of  the  church,  and  its  radius  is  equal  to  424,  chains  on  the 
scale  annexed  to  the  map.  When  we  consider  the  strain  to  which  paper  is  subject  in 
passing  through  the  rolling  press,  and  the  inequality  of  contraction  which  will  occur  in 
its  drying,  this  variation  of  half  a  chain  will  not  be  important.  A  meridian  line  has  been 
drawn,  where  it  makes  an  angle  of  26°  8'  with  the  radius  of  this  circle,  and  it  will  be 
seen  that  the  lines  meet  at  the  southern  extremity  of  a  row  of  houses  parallel  to  Mr.  Wy- 
mondesold's  garden  wall :  it  will  be  seen  that  the  eastern  side  of  this  row  is  in  a  direction, 
which,  if  continued,  will  pass  near  the  church,  which  answers  to  the  bearing  of  the 
side  of  Mrs.  Pound's  house,  and  that  there  is  a  building  rather  of  a  singular k  shape 
immediately  on  the  south.  This  last  may  now  be  clearly  traced  in  the  western  extremity 
of  Mrs.  Rushout's  offices,  being  a  dwelling  house  of  some  age,  (certainly  above  100  years 
old,)  adjoining  to  which  her  stables  have  been  built.  Mr.  Wymondeaold's  mansion  was 
in  the  northern  part  of  the  property ;  he  sold  the  estate  in  1756  to  Humphrey  Bowles, 
Esq.,  through  whose  grandaughter  (the  late  lady  Northwick)  it  descended  to  the  hon. 
Mrs.  Rushout,  who  pulled  down  the  old  house  in  1823,  and  in  the  following  year  built 
her  present  residence  in  the  centre  of  the  western  side  of  the  grounds.  No  record  is  to  be 
found  of  the  existence  of  the  row  of  houses,  but  they  evidently  were  of  very  little  value, 
and  may  have  been  pulled  down  even  before  Mr.  Wymondesold  parted  with  the  property. 
At  all  events  they  may  have  belonged  to  him,  for  the  present  garden  wall  appears  to 
stand  very  nearly  on  the  site  of  them.  So  many  circumstances,  therefore,  combine  in 
this  one  position,  that  there  can  be  no  hesitation  in  fixing  Bradley's  station  on  the  eastern 
side  of  the  clock-house,  and  on  the  north  of  the  dwelling  in  the  western  part  of  Mrs. 
Rushout's  stables. 

The  description  of  Mrs.  Pound's  house  will  at  once  shew  the  limits  within  which  it 
was  necessary  to  keep  the  instrument.  We  find  calculations  of  the  length  of  the  sine  of 
a  second  on  an  arch  whose  radius  is  13  feet,  and  mention  of  134,  feet;  but  he  finally 
took  a  somewhat  shorter  measure.  The  extent  of  the  arc  which  the  instrument  should 
embrace,  seems  to  have  been  the  subject  of  more  deliberation,  for  there  is  a  cata- 
logue of  stars  which  passed  within  a  degree  of  the  zenith,  another  of  those  which 
passed  within  3°,  and,  lastly,  to  take  in  Capella,  the  range  was  extended  to  6°£'. 
The  instrument  was  contrived  and  completed  under  the  direction1"  of  Graham,  who 
must  have  divided  the  arc,  and  probably  himself  executed  or  finished  all  those  part-; 
which  required  a  nicer  construction  than  the  rest ;  but  in  a  loose  paper  which  is  at 
Greenwich,  and  which  will  be  referred  to  more  fully  hereafter,  Bradley  mentions  that 

1  li  will  be  remembered  that  Bradley*  pa|>er  scrvalory,  and  consequently  would  be  at  lew 

on  nutation,  in  which  he  mentions  his  obliga-  apparent  altitude  than  the  eastern  part.  Thi* 

tion  to  Mr.  Wymondesold  for  allowing  his  in-  will  explain,  what  otherwise  would  be  diffi- 

strument  to  remain  so  long  in  its  original  posi-  cult  to  be  understood,  where  he  speaks  of 


k  As  a  part  of  the  house  takes  an  oblique    P.  xxiv 
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tlit>  apparatus  for  suspending  the  instrument  was  made  by  Hearne0,  who  probably  was 
likewise  entrusted  with  other  parts  of  the  rougher  work.  With  the  addition  of  the  arc, 
and  of  a  combination  of  two  plates  to  mark  the  number  of  revolutions,  or  well  as  the 
parts  of  a  revolution  which  the  micrometer  screw  may  have  made,  this  instrument  appears 
to  have  been  the  precise  counterpart  of  that  which  had  been  erected  at  Kew.  In  the 
construction,  however,  of  that  sector,  the  plumbline  had  been  made  to  hang  from  a  small 
notch0  in  the  centre  of  the  horizontal  axis.  This  arrangement  was  retained  in  the 
Wanstcd  instrument,  and  although  it  did  not  introduce  any  material  error  into  Brad- 
ley's observations,  Dr.  MaskelyneP  thought  it  liable  to  objection,  and  employed  Bird  in 
176tt  to  apply  another  method  of  suspension  by  which  the  line  should  hang  freely  with- 
out being  affected  by  the  parts  of  the  instrument,  which  might  be  put  in  motion.  The 
very  small  alterations  in  direction,  of  which  Molyneux's  sector  was  capable,  rendered 
this  suspension  a  matter  of  no  importance ;  but  on  on  instrument  of  wider  range,  it  is 
possible  that  the  inaccuracy  to  which  it  might  be  liable  was  soon  noticed,  and  when 
Graham  made  the  sector  for  the  measurement  of  the  arc  in  Lapland  he  adopted  a 
different  i  method  of  suspension,  although  the  limb  was  not  quite  of  half'  the  extent  of 
Bradley's.  It  is  not,  indeed,  improbable  that  the  alteration  was  suggested  by  Bradley 
himself;  for  we  find  from  Maupertuis'  letter*  that  he  gave  his  assistance  in  the  con- 
struction of  the  instrument. 

In  the  accouut  of  the  measure  of  the  degree  between  Paris  and  Amiens,  (8vo.  Paris 
1740,)  there  is  a  description  of  the  sector  used  by  Maupertuis;  and  Bradley1  refers  to  it 
us  superseding  the  necessity  of  his  giving  any  particular  account  of  his  own.  The  plates", 
indeed,  illustrate  not  only  the  principle,  but  likewise  the  form  of  some  of  the  most  essen- 
tial parts  of  it,  but  still  they  do  not  represent  the  precise  original  instrument  to  which 
so  strong  an  interest  is  necessarily  attached.  Neither  has  any  such  representation*  been 
supplied  by  subsequent  publications.  Mr.  Taylor,  therefore,  who  has  so  long  been  the 
valuable  assistant  to  the  Astronomer  Royal  at  Greenwich,  was  good  enough  to  make 
and  communicate  an  accurate  drawing  of  it,  which  has  been  carefully  copied  in  plate  A. 
fig.  3. 

The  length  of  Bradley's  tube  was  about  12$  feetx,  but  he  found  that  he  could  depend 
on  the  adjustment  of  it  to  i  of  a  second  *,  and  its  weight  being  little  more  than  half*  of 
that  which  had  been  made  for  Molyneux,  it  was  less  liable  to  those  disarrangements 


"  "  An  excellent  workman  in  Dogwell  court, 
"  White  Friars,  by  Fleet-street."  Smith's  Op- 
tics, p.  304. 

In  the  same  manner  the  zenith  sector,  which 
the  French  astronomers  took  with  them  to 
Lapland  in  1 73(5,  is  described  by  Maupertuis 
to  have  been  made  in  London,  "  sous  les  yeux  de 
"  M.  Graham.  Cet  habile  mechanicieu"  lie  goes 
on  to  say,  "  s'ctoit  applique  a  lui  procurer  tous 
"  lea  avantages  et  Unites  les  commodity  dont 
•'  nous  pounons  avoir  besoin :  cn6n  il  en  avoit 
-  divise  lui-rneme  le  limbe."  Mem.  de  I'Ac.  It 
I  737.  p.  408. 


•  P.  95.  v  P.  1 98. 

»  Phil.  Trans,  vol.  UI.  p.  607. 

'  Mem.  de  i'Ae.  Rov.  des  Sciences  1737. 
p.  441. 

'  P.  40  I.  »  P.  20. 

"  These  have  been  copied  for  the  Encyclo- 
pedic Mt'thtxlique  (Astronomic  pi.  XXI.) 

*  Fig.  50.  pi.  V.  of  Vince's  I*niclical  Astro- 
nomy, and  fig.  2.  pi.  XXVII.  of  Dr.  Pearson's 
work  on  the  same  subject,  are  rather  diagrams 
to  illustrate  what  is  essential  in  principle,  than 
portraitures  of  the  individual 

'  P.  5.       '  P.  202. 

d  2 


P.  98,  201. 
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which  occurred  to  the  instrument  used  at  Kew  b.  A  shorter  tube  likewise  could  l>e  made 
much  more  firm,  and  it  was  of  importance  to  avoid  all  flexure,  especially  in  the  plane  of 
the  meridian,  the  telescope  being  supported  when  out  of  the  perpendicular  by  a  screw 
which  pressed  against  the  lower  part  of  it.  From  the  account  of  an  accident  which  took 
place  in  1736',  it  may  be  seen  tlial  the  instrument  was  enclosed  in  a  wooden  case,  proba- 
bly like  the  trunk  which  was  made  to  protect  the  telescope  at  Kew<*.  No  inconveniences 
however  like  those  which  impeded  the  action  of  Molyneux's  instrument c  are  mentioned 
as  resulting  from  it.  The  length  of  the  arc  at  Wansted  would  require  the  case  to  be  of 
greater  extent,  and  it  may  purposely  have  been  made  wider  to  prevent  the  cobwebs  from 
accumulating  in  it. 

Bradley's  arc  gave  him  the  choice  of  more  than  200  stars  inserted  in  the  British  Cata- 
logue, from  which  he  selected  70 f :  of  these  there  were  nearly  20  of  which  he  did  not  make 
many  repeated  observations,  but  on  the  other  hand  there  were  not  less  than  12  8  which 
were  bright  enough  to  be  seen  through  all  seasons,  and  even  in  full  daylight. 

In  addition  to  his  first  great  object,  Bradley  tells1'  us  that  he  wished,  by  independent 
observations,  to  confirm  the  truth  of  those  which  had  been  made  at  Kew.  Molyneux 
entered  into  his  views,  and  assisted'  in  erecting  the  Wansted  sector  on  the  19lh  of 
August,  1727.  The  very  next  time  that  he  had  an  opportunity  of  observing  at  Kew, 
be  entered  in  his  journal  J,  "  Now  Mr.  Bradley's  instrument  is  set  up,  and  we  go  on 
"  comparing  notes  from  this  time."  But  this  was  a  pleasure  which  he  was  not  destined  to 
enjoy :  he  was  only  able  to  make  six  more  obser\  in  all  the  remaining  months 

of  the  year ;  and  on  the  29th  of  December k  was  "  the  last  observation  made  and 
"  entered  at  Kew."  The  instrument  indeed,  in  Feb.1  1727,  was  out  of  order,  and  there 
is  no  notice  of  its  having  been  subsequently  repaired.  Graham  was  employed  on  the 
new  sector,  and  possibly  could  not  attend  to  it.  Before™  this  was  finished,  Molyneux 
had  been  appointed  one  of  the  lords  of  the  admiralty,  and  although  it  is  clear  from  the 
entry  just  quoted  that  he  did  not  on  that  account  give  up  the  hopes  of  being  able  to 
pursue  the  inquiry  in  which  he  was  engaged  ;  still  before  the  year  was  out  he  must  have 
found  the  continuance  of  it  incompatible  with  his  public  business.  Wliat  became  of  his 
instrument  is  not  known;  he  died  in  the  following  April",  and  the  house  passed  into 
oU»er  hands :  besides,  in  the  infancy  of  a  discovery,  the  authors  of  it  are  themselves 
unable  to  estimate  how  far  it  may  advance,  and  the  memory  of  many  things  is  lost,  to 
which  an  interest,  which  could  not  be  anticipated,  is  afterwards  attached. 


►<P.  186.       c  P.  273.       'P.  94,  103. 
•  P.  102,  190,  &c. 
'  These  were 

Andromedte  £.  3.  7,  8,  65. 

Aurigje  a,  i,  9,  46. 

Camclopard.  18,  27,  35. 

Canum  Vcn.  3,  21. 

Cassiop.  a,  3,  6,  X,  w,  <r,  r,  2t>,  34. 

C  epliei  f,  ft. 

Cygnitf.    «,  2o,  l«r,     3»,  If,  g. 
Drnconis  /S,  y,  {,  c,  d,  49,  51. 
Hcrculis  i. 


Lacerus  3,  5,  7,  9. 
Lyncis  13,  27.  35. 
Pcrsci  a,  y,  6,  6,  r,  <f>,  h,  4. 
Cm  Maj.  0,  y.  «,  {,  if,  6,    <f>,  x,     f,  g,  36. 
«  P.  5.  h  P.  4.  1  P.  201. 

J  P.  191.  *  P.  193.  'P.  186. 

B1  Aug.  2,  1727.  It  is  on  this  account  that 
Bradley  gives  him  the  title  uf  Honourable. 
P.I. 

■  Manning  and  Bray,  Hiat.  of  Surrey,  vol.  I. 
]>.446. 
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Molvneux  probably  was  also  failing  in  health,  but  still  it  seems  remarkable  that  we 
find  no  notice  of  his  visiting  Wansted  after  the  19th  of  August.  If  he  had  gone  there 
he  most  probably  would  have  observed,  and  in  that  case  we  might  expect  to  see  his 
name  recorded  as  well  as  those  of  lord0  C.  Cavendish,  Dr.  HoadlyP,  and  llalley  M. 
There  is  something  characteristic  in  the  entry  of  Halley  "a  observation  of  Capella,  Sept.  2, 
1727,  "  he  said  that  as  it  went  out  it  appeared  to  be  more  southerly  in  reality  than  the 
"  thread,  he  therefore  fancied  from  this  observation  that  the  direction  of  the  thread  was 
"  not  right;  but  as  all  other  stars  at  going  out  appear  on  the  other  side  of  the  wire', 
"  this  appearance  must  be  owing  to  his  not  being  able  to  bisect  the  star  at  the  cross, 
"  because  of  its  fluttering.™  In  fact,  llalley  had  no  opinion  of  these  fine  observations : 
he  expressly  says1,  "  ut  veruni  fatear,  minuta  secunda  vel  etiam  dena  secunda  instru- 
"  mentis  quantumvis  affabrc  factis  certo  distinguere  vix  homini  datum  est,"  and  he  must 
therefore  have  thought  it  idle  to  attempt  observing  a  portion  of  a  second.  Accordingly, 
he  never  believed  a  word  of  the  doctrine  of  nutation,  although  he  lived  till  1742,  when 
Bradley  had  already  continued  his  observations  for  a  series  of  many  years,  in  which  he 
had  found  the  constant  operation  of  this  effect.  Though  Halley 's  was  certainly  a  very 
powerful  mind,  it  was  not  always  free  from  error ;  for  he  not  only  had  too  much  con- 
tempt for  what  appeared  to  him  to  be  trifles,  but  he  was  often  too  rapid 1  in  drawing  his 
conclusions.  The  effects,  however,  of  aberration,  amounted  to  the  greater  part  of  a 
minute  in  each  year,  and  formed  a  tangible  quantity,  the  existence  of  which  did  not 
admit  of  a  doubt :  Bradley,  therefore,  when  he  announced  the  discovery  in  his  letter  to 
llalley  must  have  felt  secure,  in  this  case,  of  "  the  approbation u  of  so  great  a  judge." 

Molyneux  had  placed*  his  observations  at  Bradley's  disposal;  but  notwithstanding 
their  intrinsic  value,  they  were  insufficient  by  themselves;  and  Bradley  may  have  thought 
it  better  to  confine  himself  to  those  which  were  made  by  the  same  eye,  with  the  same 
instrument,  and  in  the  same  place.    He  therefore  deduces  all  his  final  conclusions  from 


•  P.  237. 

■  P.  254,  257.  This  wis  most  probably 
Benjamin,  the  eldest  son  of  Bishop  Hoadly, 
Bradley's  earlv  patron.    He  was  a  physician. 

i  P.  208,  248. 

'  When  the  sector  was  first  set  up  at  Kew, 
it  was  observed  that  the  star,  which  was  bisected 
at  the  centre,  was  to  the  north  of  the  horizon- 
tal wire,  both  on  iis  entering  and  quitting  die 
field  of  the  telescope,  P.  110,  III.  Some  ob- 
scurity which  may  be  observed  in  P.  132,  is 
entirely  produced  by  additions  and  interlinea- 
tions which  have  been  introduced  into  the  ori- 
ginal entry  of  the  observations  of  Dec.  18, 
in  consequence  of  Bradley's  having  in  this  in- 
stance explained  an  appearance  which  Moly- 
neux could  not  at  first  understand. 

•  Phil.  Trans,  vol.  XXIX.  p.  450. 

'  This  was  more  particularly  the  case  in 
subjects  unconnected  with  his  own  line  of  stu- 
dies. Hearne  (V.  94,  p.  45)  says,  ••  Last  night 


"  I  was  in  company  of  Dr.  Halley  and  Mr. 
"  Bradley,  our  two  Savilian  professors.  Dr. 
"  Halley  hath  a  strange  odd  notion  that  Stoue- 
"  henge  is  as  old,  at  least  almost  as  old  as  Noah's 
"  flood..  .  But  when  he  is  possessed  of  a  notion, 
"he  very  hardly  quits  it."  And  (N ".  118. 
p.  106.) 'he  says,  "  Dr.  Halley  is  excellent  at 
••  writing  short  discourses  la  mathematicks  j 
"  but  when  he  dives  into  other  subjects,  he  is 
"  whimsical,  fanciful,  and  erroneous."  If  this 
estimate  is  objected  to,  because  Hearne's  natu- 
ral talents  were  not  cast  in  a  giant  mould  like 
Halley 's,  the  same  will  not  be  said  of  the  author 
of  the  Analvsl,  and  everyone  knows  ilie  unhappy 
errors  which  called  down  chastisement  from 
him,  who  was  possessed  of  "  every  virtue  under 
"  heaven."  Newton  also  found  it  necessary 
occasionally  to  check  the  great  man,  and  some- 
times even  to  say  to  him,  "  Mun!  Mun!  you 
••  talk  without  thinking." 
»  P.  15.  »  P.  158. 
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the  Wansted  observations.  We  find  one  of  y  Draconis1  on  the  19th  of  August  1727, 
and  several  of  other  stars  on  subsequent  days;  but  all  the  adjustments*  of  the  instru- 
ment were  hardly  completed  before  the  20th  of  September1".  He  lost  no  time  indeed 
in  observing  the  stars  which  he  considered  most  likely  to  answer  his  purpose,  and  he 
soon  found  that  the  idea  of  their  being  farthest  north  and  south  when  the  sun  was 
in  the  equinoxes,  would  only  apply  to  those  which  were  near  the  solstitial  colure.  On 
the  contrary,  he  jwrceived  that  the  maxima  of  deviation  in  declination  were  connected 
with  the  times  when  the  stars  were  on  the  meridian  at  six  o'clock c,  and  that  they  all 
moved  southward  while  they  passed  by  day,  and  northward  while  they  passed  by  night. 
He  says  that  he  remarked  this  after  he  had  continued  his  observations  for  a  few  months. 
This  gives  another  epoch  in  the  history  of  the  investigation;  for  we  must  in  consequence 
have  now  arrived  at  the  end  of  1727,  or  beginning  of  1728. 

CHAP.  IV. 

Discovery  of  the  cause  of  aberration — Progressive  motion  of  light — Demonstration  of  the  rules 
for  aberration — Examination  of  the  observations — Maximum  of  aberration — Application  of  it 
to  particular  instances -Velocity  of  light— Paper  for  Royal  Society. 

BRADLEY  began  to  observe  the  35th  Camelopard.  on  the  11th  Sept.  1727,  and  he 
now  found  that  the  maximum  of  its  apparent  motion  was  to  that  of  y  Draconis  not  in 
the  ratio  of  their  latitudes,  as  he  had  collected  from  the  earlier  observations,  but  as  the 
sines  of  those  quantities1'.  This  led  him  to  suspect  that  the  same  might  hold  good  for 
other  stars ;  but  the  hypothesis  did  not  perfectly  correspond  with  the  observed  motions 
of  all,  and  he  therefore  determined  upon  abstaining  from  all  further  speculations  till  he 
had  accumulated  a  sufficient  number  of  observations  to  enable  him  completely  to  try 
the  validity  of  them.  When  he  had  by  this  means  pretty  well  satisfied  himself  as  to  the 
general  laws  of  these  apparent  motions,  he  again  endeavoured  to  find  out  their  cause. 
From  the  details  already  given  of  the  investigations  which  had  been  made  at  Kew,  it  is 
clear  that  nothing  at  first  occurred  which  had  not  been  previously  found  to  be  insuffi- 
cient: but  "  'at  last,  when  he  despaired  of  being  able  to  account  for  the  phenomena 
"  which  he  bad  observed,  a  satisfactory  explanation  of  it  occurred  to  him  all  at  once, 
"  when  he  was  not  in  search  of  it.  He  accompanied  a  pleasure  party  in  a  sail  upon  the 
"  river  Thames.  The  Ixiat  in  which  they  were  was  provided  with  a  mast,  which  had  a 
"  vane  at  the  top  of  it.    It  blew  a  moderate  wind,  and  the  party  sailed  up  and  down 

«  P.  203.  effect  of  varying  the  aperture  of  the  instru- 

1  It  maybe  remarked  that  Bradley  examined  mcnt  had  been  tried  at  Kew,  (P.  106,  150,) 

his  object-glass  very  carefully,  and  found  that  and  experiments  had  been  made  there  toascer- 

the  optical  centre  of  it  did  not  coincide  with  tain  whether  the  deposition  of  moisture  on  the 

its  centre  of  magnitude:  he  therefore  took  care  object-glass  could  affect  the  apparent  place  of 

that  the  line  joining  these  two  points  should  the  star  (P.  151.) 

be  placed  truly  east  and  west.    He  likewise       b  P.  2 1 6.  «  P.  5.  4  P.  6. 

tried  whether  the  apparent  place  of  an  object       *  Thomson's  Hist,  of  the  Royal  Society, 

could  be  affected  by  the  part  of  the  glaas  p.  346. 
through  which  it  was  seen  (P.  194).  The 
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"  the  river  for  a  considerable  time.  Dr.  Bradley  remarked,  that  every  time  the  boat  put 
"  about,  the  vane  at  the  top  of  the  boat's  mast  shifted  a  little,  as  if  there  had  been  a 
"  slight  change  in  the  direction  of  the  wind.  He  observed  this  three  or  four  times  with- 
"  out  speaking ;  at  last  he  mentioned  it  to  the  sailors,  and  expressed  his  surprise  that  the 
"  wind  should  shift  so  regularly  every  time  they  put  about.  The  sailors  told  him  that  the 
"  wind  had  not  shifted,  but  that  the  apparent  change  was  owing  to  the  change  in  the 
«'  direction  of  the  boat,  and  assured  him  that  the  same  thing  invariably  happened  in  all 
"  cases.  This  accidental  observation  led  him  to  conclude,  that  the  phenomenon  which 
"  had  puzzled  him  so  much  was  owing  to  the  combined  motion  of  light  and  of  the 
"  earth." 

The  ancients  imagined  that  vision  was  performed  by  certain  tentacula  which  were 
thrown  out  from  the  eye  so  as  to  reach  the  object,  and  through  these  they  supposed  the 
sensation  to  be  instantaneously  transmitted,  in  the  same  manner  as  Descartes f  illustrated 
the  effect  by  the  impression  which  is  immediately  felt  at  one  end  of  a  stick,  when  the 
other  presses  against  any  substance  which  resists  it.  Galileos  wisely  doubted  of  this 
theory,  and  with  his  usual  sound  judgment  was  desirous  of  reducing  it  to  the  test  of  an 
experiment.  The  Florentine  academicians'1  tried  it  without  finding  any  result  which  they 
could  rest  upon.  Indeed,  we  can  only  wonder  that  the  accuracy  of  their  execution  was 
sufficient  to  guard  them  against  an  exaggerated  estimate  of  the  really  imperceptible 
interval  which  must  have  elapsed  during  the  observation.  It  is  impossible,  indeed,  to 
conceive  any  physical  effect  to  take  place  without  requiring  some  portion  of  time,  how- 
ever short,  for  its  operation,  and  Bacon 1  therefore  concluded,  that  "  in  visu  liquet 
"  requiri  ad  eum  actuandum  momenta  certa  temporis."  But  to  measure  the  velocity  of 
light  required  the  radius  of  the  earth's  orbit  for  a  standard,  and  nothing  tangible  was 
suggested  with  respect  to  it  before  1676.  Roemerk  then  pointed  out  that  it  would 
account  for  the  eclipses  of  Jupiter's  first  satellite  being  seen  so  much  sooner  when  the 
planet  was  in  opposition  tlian  when  it  was  near  its  conjunction.  This  happy  thought 
did  not  immediately  meet  with  the  universal  concurrence  which  it  deserved,  but  all  sub- 
sequent observations  have  tended  to  confirm  it,  and  none  more  powerfully  than  those  of 
Bradley,  for  which  it  gave  him  the  means  of  forming  so  beautiful  an  explanation. 

Galileo  made  it  a  question,  whether  the  sun  may  not  really  have  reached  the  horizon 
before  wc  see  it  there;  and  Bacon  precisely  points  out  that  it  might  be  doubted 
"  utrum  cccli  sereni  et  stellati  facies  ad  idem  tcmpus  cernatur  quando  vcre  existit,  an 
"  potius  aliquanto  post ;  et  utrum  non  sit  (quatcnus  ad  visum  ccelestium)  non  minus 
M  tempus  vcrum  et  tempus  visum,  quam  locus  verus  et  locus  visus,  qui  noUtur  ab 
"  astronotnis  in  paraHaxibus."  Descartes  likewise,  in  a  letter  which  he  wrote  in  1634, 
distinctly  mentions1,  as  an  immediate  consequence  from  the  progressive  motion  of  light, 
"  ut  dum  sol  aspicitur,  non  apparent  in  loco  in  quo  est  revera,  set!  in  quo  fuit  eo 
"  instant i,  quo  lumen  per  quod  videtur,  ab  eo  prius  egressum  est.  It  must,  however, 
be  remarked,  that  the  motion  of  light,  thus  considered,  always  makes  the  apparent 

»  Dioptric*,  cap.  L  ».  3.  '  Nor.  Organ,  lib.  II.  4.  46. 

i  Much.  Dial.  1.  by  Weston  p.  63.  *  Lalande,  Aitr.  §.  2930. 

i  >  it  ^  &  ^  69  lUftdc  \ 0   the  .  \  s  .   c] \  1      1  Hi  l  ti  t o  ^  1  m  <  r  ■  DATs  II.  j  k  .  K i .         3^  n  1  ^ j  r(_    1 1 1  h  £. .  (It? 

p.  157.  lAstronomie  au  xriii  siecle,  p.  418. 
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behind  the  true  place  of  the  object  which  we  are  observing,  and  that  this  only 
sionally  takes  place  from  the  effects  of  aberration.  There  is  another  circumstance, 
likewise,  which  marks  the  two  cases  to  be  perfectly  distinct :  for  the  difference  of  place 
mentioned  by  Bacon  and  Descartes  depends  upon  the  actual  velocity  of  the  object, 
and  therefore  is  obviously  inapplicable  to  the  aberration  of  the  fixed  stars  discovered 
by  Bradley. 

While  Bradley's  boat  was  at  rest,  the  vane  must  have  turned  directly  to  the  side 
opposite  to  that  on  which  the  wind  blew ;  but  when  it  was  set  in  motion,  it  would  meet 
the  streams  of  air  as  they  reached  it,  and  their  reaction  on  the  vane  would  make  it 
incline  from  its  former  direction  towards  the  stern  of  the  boat.  The  quantity  of  this 
alteration  would  depend  upon  the  relative  motions  of  the  boat  and  of  the  wind  at  the 
moment  when  they  met,  and  while  these  were  the  same,  it  could  make  no  difference 
whether  the  current  of  air  had  previously  passed  over  five  hundred  yards,  or  five  thou- 
sand miles.  The  inclination  given  to  the  vane  by  the  combination  of  these  two  forces 
would  make  the  wind  appear  to  come  in  some  direction  nearer  than  the  truth,  to  the 
point  towards  which  the  boat  was  moving.  So  the  earth  in  its  revolution  successively 
meeting  the  rays  of  light  from  any  one  of  the  heavenly  bodies,  modifies  the  direction  in 
which  they  enter  the  eye,  and  the  star  (excepting  under  very  peculiar  circumstances)  must 
appear  to  be  at  some  distance  from  its  true  place.  This  deviation  will  always  be  on  the 
side  to  which  the  earth's  relative  motion  shall  Ik-  at  the  particular  moment  directed,  and 
the  quantity  of  it  will  depend  on  the  ratio  which  the  velocity  of  that  motion  shall  bear 
to  the  velocity  of  light — the  same  principle  applies  in  this  respect  to  the  light  from  the 
11,  or  from  the  most  distant  of  the  fixed  stars™. 


"  Bradley's  own  explanation  of  the  theory  Wilson,  brought  forward  tbe  same  idea  in  the 

will  be  found  at  P.  7.    Of  all  the  familiar  Phil.  Trans,  for  1 782  \.    Mr.  Melvill  died  at 

illustrations  of  the  general  effect,  none  possi-  Geneva  in  Dec.  I753||,  and  although  be  was  in 

bly  is  more  striking  than  that  which  Lalande  correspondence  with  Dr.  Wilson,  it  is  very 

gives  in  his  Astronomic  §.  2831.  "  Je  suppose  possible  that  he  never  communicated  to  him  a 

"  que,  dans  un  temps  calme,  la  pluie  tombe  per-  theory  which  he  seems  to  have  rather  submitted 

"  pendiculairement,  i*t  qu'on  soil  daus  une  voi-  in  general  to  Bradley's  consideration,  than  to 

*'  ture  ouverte  stir  le  devant  -,  si  la  voiture  est  en  have  followed  out  in  all  its  bearings.  Dr.  Hut- 

*'  repos  on  ne  recoil  pas  la  moindrc  gouttc  de  ton  informs  §  us,  that  the  thought  had  struck 

"  pluie;  si  la  voiture  a  ranee  avec  rapiditc,  la  Mr.  Wilson  as  early  as  1770,  and  that  in  1772 

"  pluie  entre  aensiblement,  com  me  si  cllc  avoit  another  effect  bad  occurred  to  him  which  it 

"  pris  une  direction  oblique."  was  necessary  likewise  to  take  into  account. 

According  to  the  Newtonian  theory  of  light,  The  same  attractive  power  which  increased  the 

its  velocity  depends  on  the  attractive  power  of  velocity  of  the  light  would  also  diminish  the 


,  into  which  it  penetrates.  Mr.  Mel-  angle  of  refraction,  and  as  these  two  effects, 
vill,  therefore,  in  a  letter*  to  Bradley,  dated  June  according  to  the  received  laws  which  regulate 
1753,  suggests  that  aberration  miist  in  conse-    them,  would  counteract  each  other,  the  ray  may 


1753,  suggests  that  aberration  must  in  conse-  tliem,  would  counteract  each  other,  the  ray  may 
quence  be  produced  by  the  relative  velocity  of  be  seen  under  the  same  angle  of  aberration  if  it 
the  earth  in  its  orbit,  when  compared  with  that    passes  through  a  tube  filled  with  water,  as  it  is 


of  light,  not  in  the  surrounding  atmosphere,  under  the  common  circumstances  of  its  passage 
but  in  the  denser  humours  of  the  eye.  Mr.  Mel-    through  a  tube  filled  with  air.  Now  the  densities 


vill  was  the  intimate  friend  t  of  Dr.  Alexander  of  the  humours  of  the  eye  arc  not  much  greater 
Wilson,  of  Glasgow,  whose  son,  Mr.  Patrick    than  that  of  water,  and  on  this  ground  we  may 


•  P.  4R3.  t  IVrrwarr-,  Edjiv.  Journal  of  Mdmor,  1829,  roL  X.  p.  5.  J  P.  M.  II  Brewster,  p.  7, 8.  At 
the  afli  of  27,  Priwtley',  Hi.t.  uf  Optic,  p.  369.  |  PliU.  Tnuu.  Air.  voL  XV.  p.  192. 
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There  is  no  entry  or  memorandum  from  which  the  precise  time  can  be  fixed  at  which 
this  happy  thought  at  last  occurred  to  Bradley,  but  it  was  most  probably  about  Septem- 
ber 1728.  As  it  was  after  he  had"  completed  the  year  which  he  had  dedicated  to  the 
fundamental  observations,  it  could  not  have  been  sooner  than  the  end  of  August;  and 
the  story  of  the  water  party  will  not  suit  a  later  season  than  that  of  the  autumn.  While 
therefore  we  regret  that  Molyneux  did  not  lire  to  see  the  splendid  result  of  the  inquiry 
to  which  he  had  so  essentially  contributed,  it  is  impossible  to  contemplate  without 
admiration  the  great  labour  which  Bradley  must  have  undertaken  between  the  time 
when  the  theory  first  occurred  to  him,  and  that  when  he  presented  the  complete  deve- 
lopment of  it  to  the  Royal  Society. 

It  will  be  seen0  that,  with  the  exception  of  about  a  fortnight  which  Bradley  spent  at 
Oxford  in  the  beginning  of  November,  there  was  no  relaxation  of  the  observations  at 
Wansted  during  the  last  four  months  of  1728.  He  must  have  traced  out  the  conse- 
quences of  his  hypothesis  before  he  could  have  devised  those  rules  for  its  effects  which 
he  gives  in  his  paper,  and  it  is  clear  that  they  were  the  results  of  some  regular  demon- 
stration. He  observed  onlyP  the  variations  in  declination,  and  he  therefore  does  not 
enter  at  any  length  on  the  apparent  motions  in  right  ascension;  but  he  must  have 
been  aware  of  their  existence,  as  he  gives  the  dimensions  of '  the  ellipse  in  which  the  stars 
will  appear  to  move.  Simpson  ■  states  that  Dr.  Bevis  was  the  first,  as  far  as  he  knew, 
who  experimentally  proved  that  the  phenomena  in  right  ascension  are  universally  con- 
formable to  Bradley's  hypothesis.  This,  however,  was  probably  as  late  'as  1739,  and 
Eust.  Manfredi  was  therefore  much  before  him.  His  letter  to  Ant.  Leprotti  is  dated 
in  1730,  in  which  he  says,  that"  although  there  were  exceptions,  he  found  his  observa- 
tions in  general  to  indicate  a  motion  in  right  ascension  analogous  to  that  which  Bradley 
hail  detected  in  declination.  Clockwork  had  not  then  arrived  nt  sufficient  perfection  to 
enable  astronomers  to  do  more,  and  further  time  must  have  elapsed  before  the  discovery 
could  have  been  established,  if  the  foundation  had  been  laid  in  observations  of  right 
ascensions:  whereas  the  twelve  months  employed  with  the  zenith  sector  at  Wansted 
established  the  precise  quantity  and  direction  of  all  the  motions,  whether  they  referred 
to  the  equator  or  the  ecliptic. 

No  account  has  ever  been  given  of  the  manner  in  which  Bradley  arrived  at  his  rules 
for  the  variation  in  declination.  Clairaut*  seems  to  have  had  no  acquaintance  with 
it,  and  what  is  still  more  remarkable,  Thomas  Simpson  >  says,  that  before  his  time  the 
subject  had  not  been  fully  and  demonstratively  treated  of  by  any  author.  There 
however  now  be  no  doubt  of  Bradley's1  having  originally  resolved  the  prubler 


conclude  that  there  fortunately  is  no  necessity  air  through  water,  or  the  human  eye. 
for  an  allowance  which  might  differ  for  every       n  P.  6.       °  P.  1'42 — 248.       r  P.  8. 
individual  observer.  It  is  only  astonishing  that       •  P.  9.     •  Essays  1740.  p.  10.     1  P.  4IG. 
Mr.  Wilson  did  not  pursue  his  own  princi-       ■  Comm.  Acad.  Bonon.  (1748)  vol.  I.  p. 634. 

pie  to  its  full  extent,  and  shew  that  the  quan-  At  p.  618,  Manfredi  mentions  that  sir  Thomas 

tity  of  aberration  will  depend  upon  the  velocity  Dereham  translated  Bradley's  paper  - 


of  light  in  free  space;  the  effect,  according  tion  into  Italian,  soon  after  it  was  published, 
to  his  view  of  the  subject,  would  not  be  more       »  Mem.  de  1  Ac.  des  Sciences  1737,  p.  2l>C. 


altered  by  passing  from  thence  into  the  air,  »  Essays,  Preface,  p.  v.  *  P.  287 — 301. 
than  it  would  by  passing  subsequently  from  the 
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pletcly  for  himself,  as  it  is  printed  in  the  present  collection.  There  is  a  similarity  between 
Simpson's  Prop.  II.  and  the  'beginning  of  Bradley's  investigation,  but  there  are  no 
grounds  for  supposing  that  the  one  was  taken  from  the  other,  and  it  must  be  perfectly 
clear  from  a  comparison  of  them,  that  if  Bradley  had  altered  the  demonstration,  he 
never  could  have  done  so  (as  he  certainly  would  in  the  present  instance)  without  im- 
proving it.  The  whole  structure  of  the  demonstration  conveys  the  strong  impression 
of  its  being  the  result  of  an  inquiry  which  was  new  to  the  writer  of  it,  and  shews  an 
evident  unwillingness  to  omit  any  thing  which  might  bear  upon  the  subject.  The 
writer,  for  example,  saw  that  the  star's  true  place  was  not  exactly  in  the  centre  of  the 
ellipse  which  it  appeared  to  describe,  and  he  was  possibly  not  satisfied  in  the  first  in- 
stance of  the  extent  of  error  which  the  neglect  of  this  circumstance  might  produce.  He 
has,  therefore,  kept  this  in  view  through  the  whole  of  his  investigation ;  but  if  others, 
by  omitting  this  particular,  have  simplified  their  calculations,  it  must  be  admitted,  on 
the  other  hand,  that  Bradley's  demonstration,  though  it  may  have  been  made  somewhat 
more  complicated,  is  also  the  more  complete  on  this  account. 

There  is  nothing  from  which  the  precise  time  can  be  ascertained  when  this  demon- 
stration was  writtenb.  The  only  date  which  it  contains  c,  is  that  of  the  observation  of 
15  Ursa?  Majoris,  on  the  21st  March  1728.  This  might  have  been  used  at  any  subsequent 
period,  but  still  it  may  be  naturally  supposed,  that  examples  would  not  be  taken  from 
any  remote  occurrence,  and  at  least  there  would  be  no  improbability  in  assigning  all  to 
the  same  year.  There  arc  two  or  three  circumstances  which  (though  they  unfortunately 
are  not  conclusive)  are  perfectly  consistent  with  this  supposition. 

It  will  be  seend  that  A  is  used  for  the  angle  of  position,  and  B  for  an  auxiliary  angle, 
which  is  exactly  the  same  notation  as  that  which  is  used  in  the  paper  on  aberration^  Again, 
the  maximum  is  taken  at  40"i',  which  is  the  quantity  which  Bradley  first  adopted;,  but 
which  he  afterwards  considered  as  too  large h.  Likewise  we  find  the  word  j»arallax  still  used, 
in  its  general  sense,  for  the  apparent  change  which  had  now  been  discovered,  in  the  same 
manner  as  Eust.  Manfredi  used  the  word  aberration '  for  the  changes  which  might  be  pro- 
duced in  the  relative  situations  of  the  fixed  stars,  from  their  being  seen  from  different 
parts  of  the  earth's  orbit.  How  soon  each  of  these  words  was  confined  to  the  specific 
sense,  in  which  they  arc  now  used,  is  uncertain ;  there  are  no  traces  of  it  in  Bradley's 
letter  to  Halley,  and  in  the  demonstration  of  the  rules  we  possibly  see  the  first  endea- 
vour to  qualify  the  ambiguous  use  of  them  by  speaking  of  "  kan  aberration,  or  a  kind  of 
«•  parallax '." 

There  is  nothing  to  contradict  the  possibility  of  this  demonstration  having  been 
actually  the  first  step  which  Bradley  made  towards  reducing  his  observations;  in 
that  case  it  was  probably  drawn  up  in  September  or  October  1728,  and  it  must  have 


*  P.  288.  1  After  the  rules  for  aberration  in  declination, 

*  There  is  no  year  in  the  watermark  of  the  Bradley  adds,  (P.  9.)  "  It  mar  be  time  enough 
paper.  "  to  enlarge  more  on  this  head,  when  I  give  a 

*  P.  298,  300.  *  P.  296.  •  P.  9.  "  description  of  the  instruments,  kc."  It  would 
'  P.  290.        *  P.  12.        h  P.  29.  be  no  way  inconsistent  with  his  well  known  and 

De  annuls  stellarum  nxnrum  aberrationibus,  characteristic  diffidence,  to  suppose  that  this 


1729.  very  demonstration  was  included  in  the  un- 

kP.287.  assuming  "&c." 
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cost  much  thought  and  trouble.  He  drew  other  diagrams,  and  began  his  i 
on  three  separate  sheets,  besides  those  from  which  it  is  now  printed.  The  copy  likewise 
which  he  completed  has  many  insertions  and  corrections  in  it,  not  of  a  kind  which  could 
have  been  introduced  after  the  whole  was  finished,  as  subsequent  corrections,  but  where 
the  pen  had  been  drawn  through  whole  sentences,  and  others  are  immediately  added  to 
express  the  same  meaning  in  different  words. 

When  this  was  completed,  he  had  to  try  the  doctrine  by  the  test  of  his  observations. 
For  this  purpose  he  took  the  annual  variation  of  eight  stars,  and  calculated  the 
maximum  of  aberration  from  eachm.  The  present  bishop  of  Cloync  took  the  trouble  of 


 D  *  

of  the  following  table. 


Ann.  Vir. 

Max. 

Max.  Corr. 

y  Draconis 

39 

40,4 

40,3 

0   

39 

40,2 

40,2 

>!  Ursae  Maj. 

36 

40,4 

40,4 

a  Cass. 

34 

40,8 

41,1 

t  Persci 

25 

41,0 

41,4 

a   

23 

40,2 

40,2 

35  Camel. 

19 

40,2 

40,2 

Capella 

16 

40,0 

39,7 

40,40 

40,44  i 

Of  these,  the  extremes  may  be  seen  to  be  in  the  maxima  deduced  from  t  Peraci  and 
Capella.  The  first  is  a  star  of  the  5th  magnitude,  which  could  not  be  observed  on  the 
meridian  at  the  time  when  it  was  farthest0  south ;  and  the  second  varied  less  in  declina- 
tion than  any  of  the  rest.  Now  Bradley  took  the  annual  variations  only  to  the  nearest 
second,  and  any  small  fraction,  which  might  have  been  neglected,  would  affect  the  result 
most,  when  it  had  the  greatest  ratio  to  the  absolute  quantity,  from  which  the  calculation 
was  made.  This,  however,  has  very  little  effect  on  the  mean  of  the  whole,  but  Dr.  Brink- 
ley  (whose  authority  on  such  a  subject  is  the  highest  we  can  refer  to)  is  of  opinion  that 
the  result  cannotP  be  depended  upon  to  0"$.  A  second,  however,  in  those  days  was 
considered  as  very  little,  and  as  the  maximum  was  found  from  several  other  stars  to  bet 
about  40"  or  41",  Bradley  assumed  40",5  as  the  quantity  which  might  be  best  taken 
as  the  mean  of  the  whole.  Mr.  Herschell  has  collected'  what  Lindenau,  Dr.  Brinkley, 
and  Struvc  have  deduced  from  their  own  observations,  and  what  Bessel  has  calculated 
from  those  which  Bradley  made  at  Greenwich.  The  maximum  comes  out  from  the 
mean  of  all  their  observations  (4724  in  number)  to  be  40",89;  and  Mr.  Richardson1, 
from  2066  observations  at  Greenwich  with  Troughton's  circle,  found  it  to  be  41",01 ; 
and  from  2053  observations  with  Jones's  circle  41  "004 :  so  that  the  original  estimate 
not  differ  more  than  half  a  second  from  the  nearest  approximations  to  the  truth, 
have  even  now  been  made  by  the  best  calculators  and  ablest  i 


m  P.  10.  II,  18.  i  P.  12. 

0  Phil.  Trans.  1818.  p.  299.  '  Mem.  of  Astr.  Soc.  vol.  I.  p.  42n. 

"  P.  12.       r  Phil.  Trans.  1818.  p.  299.  "  Mem.  of  Astr.  Soc.  vol.  IV.  p.  69. 
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Bradley  illustrated  the  accuracy  of  the  deductions  by  the  application  of  his  hypothesis 
to  a  number  of  observations.  He  gives  fifteen  of  y  Draconis1  in  every  different  part 
of  the  year,  from  Oct.  20, 1727  to  Sept.  6,  1728,  and  in  no  one  of  these  did  the  ob- 
served differ  from  the  calculated  declination  by  more  than  1"£ :  he  adds,  that  in  above 
seventy  which  he  had  made  of  this  star  in  a  year,  there  was  but  one  (and  that  was  noted 
as  very  dubious  on  account  of  the  clouds)  which  differed  from  his  hypothesis  more 
than  2",  and  this  did  not  differ  8".  It  may  not  be  superfluous  to  point  out  the  scru- 
pulous precision  with  which  he  expresses  himself.  If  we  take  the  twelve  months  to  be 
those  which  ended  with  the  6th  of  Sept.  1728,  it  will  be  found  that  72  observations  of 
y  Oraconis  were  made  in  this  period,  and  that  among  these  "  : :  very  faint,  haiy"  is 
entered11  against  the  observation  of  the  23d  of  Nov.,  which  is  the  only  one  omitted*  in 
the  deductions  that  will  hereafter  be  more  particularly  noticed.  Again,  fourteen  ob- 
servations of  q  Ursae  Maj.  between  Sept.  14,  1727  and  Sept.  20,  1728  arex  given,  in 
which  the  differences  between  the  observed  and  calculated  declinations  never  exceed  1" ; 
and  it  is  added,  that  in  about  fifty  made  of  it  in  a  year,  the  agreement  was  found  to  be 
as  exact  as  for  y  Draconis.  Now  in  this  case  we  may  take  the  twelve  months  ending 
with  the  20th  of  Sept.,  and  it  will  be  found  that  the  Wansted  observations  for  that  pcrkxl 
contain  48  of  the  star  in  question. 

It  is  always  satisfactory  when  we  find  that  independent  investigations  lead  to  the  same 
conclusion.  Koemer  considered2  22*  to  be  the  time  taken  up  by  light  in  its  motion 
across  the  magnusorbis;  but  Cassini,  when  he  at  first  admitted  the  successive  motion 
of  light,  thought  that  this  time  must  be  diminished*  to  14'  10".  Bradley  shewsb,  that 
according  to  his  observations  the  time  must  be  16'  24",  or  16*  26",  which  lie  between 
the  other  two,  and  arc  much  more  correct  than  either.  Indeed,  M.  Delambrc  mentions0  that 
he  calculated  first  500,  and  afterwards  1000  eclipses  of  Jupiter's  first  satellite,  and  that 
the  maximum  of  aberration  which  he  deduced  from  them,  agreed  in  a  surprising  manner 
with  that  which  had  been  determined  by  Bradley.  All  these  computations  must  of 
course  be  founded  on  the  supposition  of  the  light  reaching  us  with  the  same  uniform 
velocity  from  all  the  heavenly  bodies.  Bradley  considered  this  to  be  established^,  and 
so  did  Clairaut*:  but  if  a  difference  should  be  clearly  ascertained  in  the  maximum  of 
aberration  as  derived  from  the  motions  of  different  stars,  somer  modification  of  this  sup- 
position will  become  necessary.  This,  however,  is  a  question  which  requires  all  the 
resources  of  modern  astronomy  to  determine  its. 

After  all  these  computations,  the  materials  were  still  to  l>e  arranged,  and  the  account 
to  be  drawn  up  of  the  discovery :  this  to  Bradley  was  a  source  of  no  small  trouble,  and 
probably  was  the  most  irksome  part  of  the  task.    Besides  several  loose  papers  on  the 

1  P.  13.    "P.  223.    «  P.  303.    J  P.  I -I.        «  The  application  of  the  theory  of  aberration 

»  Mem.  de  1'Ac.  des  Sciences,  vol.  I.  p.  214.  to  the  apparent  places  of  planets  and  comets  is  so 

vol.  X.  p.  577.  verv  obvious,  that  it  seemed  superfluous  to  print 

•  Id.  vol.  VIII.  P.  430—31.  sonie  rules  for  that  purpose  which  were  found 
b  P.  II,  12.  on  a  loose  paper  in  Bradley's  handwriting. 
'  Hut.  de  l'Astron.  au  xviii  siecle.  p.  4 1 6.  They  were  of  course  essentiallv  the  same  with 

*  P.  11.  those  which  are  found  in  all  write*  who  treat 
«  Mem.  de  lAstr.  des  Science  1739.  p.  359.  on  this  subject. 

'  Phil.  Trans.  1821.  p.  330. 
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subject,  we  find,  1st,  four  4to  pages  of  a  beginning,  which  he  afterwards  seems  to  have 
given  up ;  2d,  the  paper  nearly  completed  in  about  23  pages,  in  this  he  had  loosely 
taken  the  maximum  in  general  at  40" ;  but  in  the  3d,  written  on  26  pages,  he  gives  it 
with  more  precision :  this  last  is  the  copy  mentioned15  as  having  the  date  on  it  of  Jan.  1, 
1728-29,  but  it  does  not  exactly  agree  with  the  text  printed  in  the  Phil.  Trans.  He 
may  have  written  it  out  a  fourth  time,  or  he  may  have  introduced  alterations  as  the 
paper  went  through  the  press.  This  is  fortunately  a  question  of  no  importance,  as  it 
cannot  now  be  settled  :  the  Royal  Society  in  those  early  times  did  not  preserve  the 
papers  which  were  communicated  to  them. 

Such  was  the  completion  of  the  first  of  Bradley*  great  discoveries,  which  in  M.  De- 
lambre V  opinion  assure  him  "  la  place  la  plus  distinguee  apres  celle  d'Hipparque  et  de 
"  Kepler,  et  au  dessus  des  plus  grands  astronomes  de  tous  les  ages,  et  tous  les  pays." 

In  estimating  the  merits  of  those  great  men,  who  stand  foremost  in  the  ranks  of  their 
several  pursuits,  it  is  invidious  to  set  them  in  opposition  to  one  another ;  each  has  his 
own  distinctive  excellence,  combined  with  such  varieties  of  times  and  circumstances  as 
scarcely  admit  of  a  strictly  just  determination  of  their  comparative  merits.  Nor  will  it 
derogate  from  the  immortal  fame  of  Hipparchus  or  Kepler,  should  a  place  be  claimed 
for  Bradley,  which  is  not  subordinate  even  to  that  high  rank  which  the  world  bas 
unanimously  assigned  to  them. 

CHAP.  V. 

Lectures  in  Experimental  Philosophy — Bradley's  undertaking  them  about  1 7'J9 — Candidate  for 
the  office  of  keeper  of  the  Ashmolean  Museum — Came  to  reside  at  Oxford  in  1732 — Assisted 
in  the  trials  of  Hadley's  sextant — Pendulum  experiments  in  Jamaica — Maupertuia's  arc  in 
Lapland — Comets  of  1737  and  1742. 

IN  1729,  Bradley  undertook  the  lectures  at  Oxford  in  experimental  philosophy. 
There  was  at  that  time  no  permanent  foundation  for  them,  and  consequently  there  is 
no  record  of  his  appointment  to  the  office.  Desagulicrs  tells  usk,  that  Dr.  John  Keill  at 
Oxford  "  was  the  first  who  publicly  taught  natural  philosophy  by  experiments  in  a 
"  mathematical  manner1,"  and  that  he  began  to  do  so  about  1704  or  1705.  In  1709, 
Keill  went  to  New  England  as  treasurer  to  the  Palatines,  and  then  Desagulicrs  himself 
"  began  to  teach  experimental  philosophy  after  the  same  method"  in  the  university. 
This  he  began  in  1710,  and  continued  till  he  went  to  settle  in  London  about  1713. 
Three  or  four  years  seem  afterwards  to  have  elapsed  before  any  other  person  engaged 
in  a  similar  undertaking;  for  there  is  a  letter  in  the  Bodleian  from  Dr.  John  Richardson 
to  Dr.Charlett,  (dated  June  11,  1716,)  in  which  he  speaks  with  approbation  of  Mr. 
Whiteside's  "  design <•  of  experimental  philosophick  lectures."  It  is  probable,  therefore, 
that  the  lectures  were  renewed  in  this  or  the  following  year,  and  Whiteside  certainly  con- 
tinued them  till  1728.  Hcarne"1  has  a  memorandum  on  Jan.  24,  1729,  of  his  "  having 

*  P.  xii.  which  were  read  several  years  earlier  by  Keill, 
1  Hist,  de  I'Ast  au  xviii.  siecle,  p.  420.  for  sir  Thomas  Millington,  who  was  Sedleian 

•  Exp.  Phil.  vol.  I.  Preface.  Professor  of  Natural  Philosophy. 
1  This  has  no  reference  to  the  lectures  con-       m  N°.  124.  p.  121. 

tained  in  the  Introductio  ad  veram  pliysicam, 
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"  sold  Ml  apparatus,  the  best  that  is  known,  for  more  than  four  hundred  lib4,  to 
"  Mr.  Bradley,"  but  he  afterwards  corrects  his  account  of  the  price,  for  (1780,  Feb.  13") 
he  says  that  Bradley,  he  was  informed,  "  gave  only  an  hundred  and  seventy  pounds, 
"  tho'  I  had  been  before  told,  that  he  gave  four  hundred  lib*,  for  them.  Mr.  White- 
"  side,  several  years  agoe,  valued  them  at  five  hundred  lib*,  and  at  last  at  eight  hundred 
"  lib*."  Desaguliers  read  his  lectures  in  Hart-hall,  of  which  he  was  a  member;  White- 
side was  a  chaplain  of  Christ  Church  :  he  was  also  keeper  of  the  Ashmolean  Museum, 
and  having  divided  the  entrance  room  of  it  into  two,  it  is  said  that  when  he  had  finished 
the  delivery  of  his  lecture  in  the  one,  the  class  removed  into  the  other,  where  a  servant 
exhibited  to  them  the  experiments  which  illustrated  the  subject  on  which  they  had  been 
engaged.  Bradley  was  accommodated  with  the  rooms  when  he  purchased  the  apparatus, 
and  the  indulgence  was  afterwards  extended  to  his  successors. 

Bradley's  character  was  established  by  the  discovery  of  aberration0,  and  he  probably 
was  successful  from  the  beginning  of  his  new  engagement,  but  we  have  no  document  to 
give  us  information  on  this  point  at  so  early  a  period.  There  is,  however,  a  book  which 
contains  the  lists  of  all  the  persons  who  attended  each  of  his  courses  of  lectures,  from 
April  1746  (when  he  began  his  47th  course)  till  April  1760,  when  he  read  for  the  79th, 
and  probably  last  time.  From  these  accounts  it  appears,  that  till  the  end  of  1749  he 
was  in  the  habit  of  lecturing  three  times  in  the  year ;  between  Christmas  and  Easter, 
between  Easter  and  the  long  vacation,  and  again  in  Michaelmas  term.  After  1749, 
however,  he  did  not  repeat  his  course  in  the  autumn ;  about  this  time  he  procured  the 
new  instruments  at  Greenwich,  and  could  less  afford  to  be  absent  from  his  astronomical 
duties  there.  The  33  classes,  of  which  we  have  the  particulars,  average  57  attendants 
at  each,  and  as  he  received  two  guineas  from  every  pupil  for  the  first,  and  one  guinea 
for  the  second  attendance,  his  annual  receipt  must  have  been  considerable.  This  after- 
wards received  a  small  increase.  Lord  Crewe,  bishop  of  Durham,  died  in  1721,  and 
charged  his  estates  with  the  payment  of  200/.  a  year  to  the  university,  30/.  of  which 
was  set  apart  by  decree  of  convocation  in  1731  for  "  a  reader  of  experimental  philoso- 
"  phy."  Lady  Stawwell  having  a  rent  charge  for  her  life  on  Lord  Crewe's  estates  in 
Durham  and  Northumberland,  he  directed  that  his  benefaction  should  not  be  payable  till 
after  her  death,  and  it  was  not  therefore  till  1749  that  Bradley  derived  any  benefit  from  it. 

In  1731,  Jos.  Andrews,  a  fellow  of  Magdalen  college,  became  keeper  of  the  Ashmolean 
Museum;  HeorncP  says,  "it  was  expected  at  London,  and  by  the  most  understanding  men 
"  of  the  university  and  much  wished  too,  that  Mr.  Bradley,  Savilian  Professor  of  Astro- 
"  nomy,  should  have  had  this  post,  he  being  a  person  every  way  qualified  with  respect  to 

»  N".  1 25.  p.  9.  the  screw  the  two  extremities  of  a  silken  thread 

"  Among  the  old  apparatus  belonging  to  the  are  attached.    By  this  construction  one  end  is 

lectures  in  experimental  philosophy  at  Oxford,  wound  up  on  the  cylinder  while  the  other  is 

there  is  a  small  machine  to  illustrate  the  doc-  unwound,  and  a  mark  on  the  thread  represent- 

trinc  of  aberration.  Bradley  never  wrote  out  ing  a  particle  of  light  is  thus  made  to  move  at 

his  lectures,  and  in  the  notes  from  which  he  right  angles  to  the  direction  in  which  the  lid  is 

delivered  tbern,  no  notice  of  it  can  be  disco-  carried.  The  mark  passes  over  the  diagonal  of 

vered;  but  still  there  is  every  reason  to  believe  a  parallelogram,  the  sides  of  which  represent 

that  it  was  his  own  contrivance.   It  consists  of  the  two  motions,  and  shews  the  apparent  di- 

a  box,  the  lid  of  which  is  made  to  slide  laterally  rection  in  which  the  light  would  enter  the  eye. 
by  a  screw  which  is  under  it,  and  to  the  axis  of       P  N".  129.  p.  138. 
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"  his  skill  in  mathematics,  (though  he  is  no  antiquary*)  and  being  a  man  that  performs 
"  courses  of  experiments  at  the  Museum  in  the  great  lower  room but  the  junior  proc- 
tor was  the  only  one  of  the  electors  who  was  inclined  to  support  him,  and  he  therefore 
lost  the  election. 

Bradley's  engagements  now  called  for  longer  residence  in  the  university  than  had  be- 
fore been  necessary :  therefore  in  the  beginning  of  May  17821  he  removed  there,  and 
occupied  the  house  in  New  College  lane,  to  which  he  was  entitled  in  right  of  his  profess- 
orship. Lalande  saysr  that  he  went  at  this  time  to  Oxford,  "  pour  remplacer  Halley." 
llalley  indeed  resided  very  little  there  in  the  latter  years  of  his  life;  but  there  is  no 
reason  to  believe  that  Bradley  ever  gave  the  lectures  in  geometry  for  him.  There  is  pro- 
bably gome  mistake  which  may  never  now  be  cleared  up,  nor  is  it  of  much  importance 
that  it  should  ;  of  the  fact,  and  the  real  cause  of  it,  there  can  be  no  doubt. 

The  removal  to  Oxford  did  not  separate  the  family  party,  his  aunt  accompanied  and 
lived  there  with  him 4  for  several  years,  she  likewise  carried  with  her  two  of  her  nephews, 
the  sons  of  her  brother  Mr.  Wymondesold.  Bradley  took  most  of  the  instruments  which 
he  had,  with  him ;  the  transit'  he  fixed  in  one  of  the  windows  of  the  Museum;  but  where 
he  used  the  15f.  telescope  is  uncertain  ;  there  was  no  place  for  it  either  in  his  house  or  in 
the  little  court  before  it,  and  the  Museum  afforded  no  accommodation,  for  all  the  win- 
dows on  the  south  side  open  either  from  the  staircase  or  very  small  rooms.  The  sector 
was  certainly  left  at  Wansted  in  the  place  where  it  was  first"  erected,  and  we  are  now- 
able  to  clear  up  a  difficulty  which  muBt  obviously  have  occurred  from  the  short  notices 
which  we  formerly  had  respecting  it.  If  the  instrument  had  been  in  Mr.  Wymondesold's 
house,  as  seemed  probable  from  what  is  said  in  the  paper  on  nutation,  there  was  no 
obvious  reason  why  the  observations  should  have  been  impeded  after  Bradley  went  to  re- 
side at  Oxford1.  They  had  been  continued  unremittingly  for  nearly  five  years,  and  it  must 
naturally  be  supposed  that  the  telescope  would  have  been  originally  fixed  in  that  part 
of  the  house,  in  which  it  could  be  used  at  night  with  the  least  danger  of  incommoding 
the  family.  Changes  might  indeed  have  taken  place  in  the  arrangements  of  the  house- 
hold ;  but  there  is  a  simpler  way  of  reconciling  the  account  with  the  real  state  of  the 
case.  It  appears  from  the  old  parish  rate  books  at  Wansted,  that  Mrs.  Pound's  house 
had  become  vacant  in  the  course  of  1732,  and  continued  empty  for  the  two  following 
years,  after  which  it  was  occupied,  as  has  been  before  mentioned,  by  a  Mrs.  Elizabeth 
Williams.  It  likewise  appears  from  Bradley's  letter  to  Dr.  Smith,  that  when  he  was  at 
Wansted  at  Christmas  1782,  he  was  living  in  Mr.  Wymondesold's  family)'.  It  is  pro- 
bable, though  it  is  not  certain,  that  he  continued  to  do  so  afterwards.  While,  therefore, 
he  lived  in  one  house  and  observed  in  another,  it  can  be  easily  understood  that  there 
was  a  call  on  him  not  to  do  so  "  at  such  hours  of  the  night  as  would  have  incommoded 
"  the  family  of  the  house  wherein  the  instrument  was  fixed*." 

•'  P.  22.  '  f.  2891.  1  P.  365.  »  P.  18.  ■  P.  30. 

*  Mrs.  Pound  continued  to  lire  with  Brad-  1  P.  401.  In  accordance  with  what  is  men- 
ley  at  Oxford  till  1737;  she  died  Sept.  10,  tioned  in  the  note  (P.  403.)  it  will  be  teen 
1740,  and  was  buried  at  Wansted,  according  (P.  269)  that  Bradley  was  at  Wangled  on  the 
to  the  directions  of  her  will,  in  which,  after  a  22d  of  Dec.  1732,  but  did  not  make  any  ob- 
few  legacies,  she  gave  the  remainder  of  her  pro-  serrations  till  tike  30tb. 
perty  to  Bradley  and  her  brother.  »  P.  30. 
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In  1781*  I  ladle  v  published  the  account  of  his  valuable  instrument  for  measuring 
angular  distances.  Franklin  and  others  have  claimed  the  invention  for  Thomas  God- 
frey, of  Philadelphia;  hut  Hadley  ought  not  to  lose  the  honour  which  in  this  re- 
spect is  justly  due  to  him.  Human  knowledge  is  gradually  progressive,  and  many 
an  invention  results  from  merely  a  happy  combination  of  what  had  been  previously 
known.  Minds  of  a  higher  order  occasionally  advance  a  step  which  may  yet  be  wanted  ; 
but  even  that  step,  in  general,  could  not  have  been  gained,  if  the  ground  had  not  t>een 
made  good  by  their  predecessors.  For  these  reasons  discoveries  have  been  repeatedly  made 
nearly  at  the  same  time  by  different  individuals;  and  there  is  no  argument  to  be  drawn 
merely  from  their  being  simultaneous  that  the  one  was  borrowed  from  the  other.  Had- 
ley most  probably  knew  nothing  of  what  had  been  done  by  Godfrey,  and  if  mere 
priority  of  time  is  to  be  considered,  it  is  now  clear  that  the  principle,  on  which  the 
instrument  was  constructed,  had  occurred  manyb  years  before  to  sir  I.  Newton.  The 
lords  of  the  Admiralty  ordered  Hadley 's  instrument  to  be  tried  at  sea  in  1782c,  and 
Bradley  went  out  with  him  for  that  purpose  in  the  Chatham  yacht.  The  observations 
were  chiefly  directed  to  altitudes.  Hadley  himself  speaks  with  doubt  at  the  end  of  his 
first  paper  on  the  use,  which  might  be  made  of  his  sextants  in  taking  lunar  distances, 
hut  Bradley  in  his  letter  to  Hadley A  expresses  himself  with  confidence  of  the  advantage 
to  be  derived  from  this  means  of  finding  the  longitude  at  sea.  It  is  remarkable  that  the 
very  first  observation  which  he  made  when  off  Gravesend,  was  on  the  distance  of  two  of 
the  heavenly  bodies,  which  evidently  shews  that  he  immediately  looked  to  the  most 
important  use  which  was  to  be  derived  from  the  new  instrument. 

In  1734,  Bradley  communicated  a  paper*  to  the  Royal  Society  on  the  vibrations  of 
the  pendulum  in  different  latitudes,  and  on  the  figure  of  the  earth  which  might  be 
deduced  from  them :  it  will  be  found  at  1*.  62. 

Colin  Campbell,  F.  II.  S.  a  gentleman  who  had  been  brought  up  under  the  care  of 
his  cousin  Archibald  Karl  of  Isla,  (who  was  afterwards  Duke  of  Argyle,)  established  an 
observatory  at  Black  River  in  Jamaica.  He  furnished  it  with  a  valuable  setr  of 
instruments,  among  which  he  had  a  transit  ?,  and  an  excellent11  mural  arch  of  four  feet 
radius,  made  by  Sisson.  He  employed  Graham  likewise  to  make  an  astronomical  clock 
for  him,  the  rates  of  which  were  the  foundation  of  the  dissertation  in  question.  The 
precise  length  of  the  pendulum  swinging  seconds,  was  a  subject  in  which  Graham 
through  the  whole  of  his  life  took  very  great  interest'.  Bradley  likewise  had  paid  parti- 
cular attention  to  it,  and  probably  had  his  share  in  suggesting  and  arranging  what  Gra- 
ham in  ak  letter  to  him  on  the  subject  calls,  "  our  experiment.,,  The  method  which  they 
adopted,  was  to  ascertain  the  number  of  vibrations  made  by  a  pendulum,  which  was  un- 
varied by  any  thing  but  the  difference  of  temperature,  at  the  two  stations  where  it  was  made 
to  swing.  Graham's  own  account  of  his  previous  observations  and  experiments,  mentioned 
in  I'.  6i,  is  extant,  and  a  memorandum  is  written  on  it  and  signed  by  Bradley,  stating 
that  it  was  delivered  to  him  on  the  9th  of  September  1731.   The  contents  of  P.  63,  and 


"  Phil.  Trans,  vol.  XXXVII.  p.  147. 

"  Phil.  Trans,  vol.  XLII.  p.  155. 

«  Pl.il.  Trans,  vol.  XXXVII.  p.  341. 

«  P.  505. 


'  The  original  manuscript  of  it  is  at  Oxford. 
1  P.  62.    *  P.  66.    "  Smith's  Optics.  §.  870. 
'  Abridgment  of  Phil.  Trans.  (1809)  vol. 
VI.  p.  537.  k  P.  395. 
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of  the  first  half  of  P.  64,  are  accurately  detailed  in  it;  from  which  it  will  be  seen,  that 
the  number  of  vibrations  made  in  twenty-four  hours  was  reckoned  by  ascertaining  the  rate 
of  the  clock  from  the  transits  of  a  Aquilac.  The  contrivance  by  which  "  its1  pendulum 
"  might  be  reduced  to  the  same  length  whenever  there  should  be  occasion  to  remove  the 
"  clock,"  is  stated  in  the  MS.  "  The  nut  of  the  pendulum,"  Graham  says,  "  which  raises 
"  or  lowers  the  bob  is  divided  into  twenty -six  equal  parts,  one  of  which  corresponds  to  one 
"  second  a  day.  When  the  clock  was  observed  by  the  star,  the  index  at  the  lower  end 
"  of  the  pendulum  pointed  to  the  fifth  division  upon  the  nut :  and  there  was  a  piece  of 
"  brass  filed  of  an  exact  length  to  reach  from  the  highest  edge  of  the  bob  to  the  upper 
"  edge  of  the  piece  of  brass  that  goes  through  the  bob,  to  determine  at  what  turn  of  the 
"  screw  the  nut  stood,  and  the  fifth  division  of  the  nut  determines  the  part  of  the  turn. 
"  This  piece  of  brass  was  sent  with  the  clock,  and  lest  any  mistake  should  arise  in  apply- 
"  ing  the  piece  of  brass,  I  cut  a  piece  of  wood  into  the  form  of  this  par:  of  the  pendu- 
"  lum,  and  tied  on  the  piece  of  brass  with  some  packthread,  to  shew  in  what  manner  it 
"  was  to  be  applied  to  the  pendulum.  Was  the  nut  to  be  one  turn  too  high  or  too  low, 
"  the  piece  of  brass  would  reach  above  or  fall  short  of  the  edge  before  mentioned,  by 
"  the  space  that  is  between  one  thread  of  the  screw  and  the  next,  which  is  too  great  a 
"  quantity  to  be  overlooked,  or  not  readily  perceived." 

With  these  precautions  the  pendulum  was  set  going  in  Jamaica,  and  the  rate  of  the 
clock  which  was  regulated  by  it  was  observed  by  Joseph  Harris,  whom  Mr.  Campbell 
took  over  with  him  to  assist  inm  erecting  his  ot)servatory.  Observations  of  a  and  fi 
Canis  Majoris  were  continued  for  about  a  month",  and  they  went  to  prove  that  the 
clock  lost  *  6"i  in  a  sidereal  day,  in  consequence  of  its  removal  to  Jamaica".  The  ori- 
ginal  memorandum  of  all  these  observations,  and  the  copy  P  also  which  was  made  for 
Bradley,  are  still  extant,  and  they  contain  very  little  more  than  the  statement  which  is 
printed  from  them.  Observations  of  Jan.  22,  and  Feb.  19  and  20,  have  been  omitted  : 
there  is  a  notice  likewise  of  the  transit's  having  been  disarranged  on  the  2d  of  Feb.  by 
the  unusual  heat  of  the  weather,  and  it  is  stated  that  the  pendulum  swung  in  different 
cases  V  52'  and  1°  55';  1°  50'  and  1°  53'  on  each  side  of  the  0  on  the  graduated  arc  by 
which  the  extent  of  the  vibrations  were  measured.  Graham  was  persuaded  that  a  small 
difference  in  this  respect  could  cause  no  great  difference  in  the  duration  of  the  vibration'' ; 
and  the  mean  extent  is  therefore  only  stated  as  being  "  about  1'  52" 

Jos.  Harris's  health  prevented  his  remaining  in  the  West  Indies,  and  there  appears 
to  be  no  record  which  can  determine  whether  the  inquiry  was  prosecuted  any  further. 
The  original  paper  ends  with  a  memorandum,  stating,  that  on  the  21st  of  February  the 
pendulum  was  shortened  124  divisions,  so  as  to  make  it  vibrate  sidereal  seconds.  The 
further  observations  of  Mr.  Campbell*  would  therefore  have  been  principally  useful  in 
determining  the  effects  of  temperature,  for  which  an  allowance  was  made  on  rather  inde- 
finite* grounds.  Nothing  else  seems  to  have  been  taken  into  consideration,  and  although 
there  might  have  been  reason  at  the  time  to  esteem  "  Mr.  Campbell's  experiment"  to  be 
"  the  most  accurate  of  all  that  had  hitherto  been  made,"  still  there  were  many  things 
to  give  precision  to  the  results  deduced  from  it.    James  Stirling,  of  Ball.  coll. 
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a  very  eminent  mathematician,  was  employed  at  this  time  on  the  figure  of  the  earth, 
and  in  1735  he  printed  a  paper  on  it  in  the  *  Phil.  Trans.  His  letter  to  Bradley  y  was  evi- 
dently connected  with  that  inquiry.  Bradley  in  his  answer1  communicated  all  the  in- 
formation he  could,  and  suggested  the  probable  variation  of  the  effects  of  gravitation  from 
different  circumstances  on  the  earth's  surface,  and  particularly  from  the  different  degrees 
of  density  between  earth  and  water,  which  it  is  curious  to  see  adopted  by  Stirling  in  the 
latter  part  of  his  paper.  The  great  advances  which  have  of  late  been  made,  carry  us 
far  beyond  these  early  disquisitions;  but  the  first  steps  were  slow,  and  the  results  of 
Mr.  Campbell's  experiment,  though  impugned  by  ■  Stirling,  seems  for  a  certain  time  to 
have  been  a  basis  for  the  calculations  made  with  respect  to  this  subject;  and  it  was  no 
exaggeration  for  Machin  to  have  said,  "  bthat  sir  Isaac  Newton  would  have  been  much 
"  pleased  with  it  had  he  been  living."  Another  similar  to  it  was  afterwards  repeated. 
Among  Bradley's  papers  there  is  a  disquisition  by  And.  Celsius,  founded  on  the  going 
of  a  clock  made  likewise  by  Graham  for  the  observatory  at  Upsal,  and  he  says,  "  ex 
"  nostra  observatione  sequitur,  gravitatem  Londini  ad  gravitatem  Upsalue  cam  servare 
«  rauonem,  quam  habel  10000  ad  lOOOfi." 

As  soon  as  the  French  academicians  returned  from  the  measurement  of  the  degree 
in  Lapland,  Maupcrtuis  hastened  to  communicate  the  result  of  the  observations  to  the 
Royal  Society.  He  did  so  (Sept.  1737)  in  a  letter  to  Bradley,  whose  translation  of  it 
has  been  inserted  in  the  following  collection0.  This  was  made  most  probably  for  Graham, 
and  the  letter*1  in  which  the  translation  was  transmitted  to  that  great  artist  is  very 
curious.  It  is  well  known  that  the  measurement  had  long  been  suspected  of  some 
inaccuracy,  and  that  it  was  repeated  in  the  beginning  of  the  present  century  by  M. 
Svanberg,  who  found  the  degree  223  toises  less  than  the  French  academicians  had  cal- 
culated it  to  be.  The  source  of  the  error  was  in  a  mistake  of  the  latitude  of  Kittis. 
M.  Delambrec  is  inclined  to  argue  against  the  probability  of  its  having  amounted  to  the 
great  extent  which  the  later  observations  indicate,  of  12"  in  the  amplitude  of  the  arc. 
The  only  fault,  he  says,  of  which  the  French  astronomers  can  be  justly  accused,  is  their 
having  neglected  to  reverse  their  sector,  and  this  is  the  very  particular  which  Bradley' 
pointed  out  with  regret  as  soon  as  he  received  the  account  of  their  labours.  His  clear 
mind  at  one*;  detected  the  very  point  on  which,  after  a  lapse  of  more  than  sixty  years, 
they  were  found  to  be  deficient. 

The  comet  of  1737  recalled  Bradley's  attention  to  the  subject  on  which  he  first  ven- 
tured to  appear  before  the  public.  In  the  following  year  he  communicated  to  the  Royal 
Society  e  the  observations  which  he  had  made,  and  likewise  the  elements  of  the  parabola 
which  he  found  to  give  the  places  of  it  without  ever  differing  from  the  truth  by  1'  of 
space.  Indeed  there  is  some  reason  to  wonder  at  his  having  been  able  to  approximate 
so  well  to  the  truth,  for  the  comet  was  a  small  one,  and  its  light  ("  even  in  the  moon's 
"  absence)  so  very  weak,  that  it  was  difficult  in  some  of  the  later  observations  to  take 
"  its  place  with  any  tolerable  certainty  h."  He  expresses  himself  "  sensible  that  a  little 
M  error,  either  in  the  observations  themselves,  or  in  the  places  of  the  fixed  stars  with 
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"  which  the  comet  wu  compared,  might  occasion  a  considerable  difference  in  the  situa- 
"  tion  and  magnitude,  &c.  of  the  orbit  deduced  from  them  ;"...but  still  he  was  un willing 
to  keep  back  the  account  of  his  own  observations  which  he  had  made  at  Oxford.  Dr. 
Bevis,  who  then  bad  an  observatory  at  Newington,  undertook  to  examine  the  places  of 
his  sunt  for  him.  This  may  be  collected  from  a  paper  on  which  Bradley  has  noted  in 
the  margin,  "  The  stars  (observed  by  Dr.  Bevis)  with  which  the  comet  of  1737  was  com- 
"  pared."  These  observations,  however,  were  probably  of  little  service ;  Dr.  Bevis'* 
transit,  from  the  particulars  which  he  mentions  of  it  in  another  place's  does  not  seem  to 
have  been  an  instrument  which  could  be  depended  upon,  and  of  sixteen  stars,  of  which  in 
this  case  he  gave  the  right  ascension,  he  committed  no  less  than  three  mistakes ;  against 
two  of  them  Bradley  has  written,  "  Not  the  right  star,"  and  to  another  there  was  added, 
"  Qu.  ?  is  this  the  right  star  F"  to  which  Bradley  has  answered,  "  No."  There  are  other 
observations  of  the  comet  in  the  Phil.  Transactions,  and  the  Mem.  of  the  R.  Ac.  of  Paris ; 
but  Bradley  docs  not  appear  to  have  made  any  use  of  them  in  endeavouring  to  give  fur- 
ther precision  to  his  elements.  It  happened  that  the  comet  was  one  of  no  great  interest: 
Machin  indeed  pointed  out  some  circumstances'  in  which  he  thought  it  had  a  similarity 
to  that  of  1556  ,  if  these  had  been  confirmed  by  other  subsequent  observations,  it  would 
have  been  of  importance  to  calculate  its  orbit  more  minutely  ;  but  discrepancies  on  the 
other  hand  were  detected,  which  induced  even  the  author  of  the  suggestion  to  aban- 
don™ it 

In  the  beginning  of  1742  another  comet  was  first  observed  at  the  Cape  of  Good 
Hope-,  and  afterwards  in  Europe".  The  following  elements  of  it  have  been  found  in 
Bradley's  handwriting.  .    ,  „ 

Loc.  C   6*    5  27  80 

Inclinat.   66  59  50 

Temp,  perih.  Jan.  28.  4h.  22" 

Loc.  perihel  7    7  34  30 

Perih.  a  a    31  57  0 

Log.  dist,  perih.  9,88396 

Los.  mot.  diur.  0,134188 
There  is  a  letter  of  Gael  Morris,  in  which  he  gives  the  computed  longitudes  and 
latitudes  of  the  comet  from  Feb.  21  to  March  15,  and  he  says  in  it  that  the  nearest 
agreement  he  could  make  was  by  retaining  this  inclination,  and  taking  6*  5°  36'  50"  for 
the  place  of  the  node,  with  31*  56*  50"  for  distance  of  it  from  the  perihelion. 

Only  one°  observation  has  been  found  which  can  be  supposed  to  belong  to  this 
comet,  which  nevertheless  is  intimately  connected  with  the  history  of  our  author. 
Lacaille  saysP,  "La  cometc  de  1742  rut  assez  remarquable:  elle  n: veil  la  Fatten  lion 
"  dea  astronomes,  qui  pour  la  pi  u  part  commencoient  a  suivre  les  principes  de  Ncw- 
"  ton.  Halley  6toit  mort  depuis  peu,  et  M.  Bradley  ctoit  regard e  coin  me  le  de- 
"  positaire  de  la  mlthode  du  calcul  des  com  £  tea.  II  trouva  en  effet  to  us  les  elemens 
"  de  la  theorie  de  cellc-ci  avant  meme  quelle  disparate;  il  les  communiqua  de  plus 

k  P.  416.  1  Phil.  Trans,  vol.  XL.  p.  123.  1  Introduction  atu  Epbemerides  1765-1775 
m  Pingr£  Coroetogrmphie,  »ol.  II.  p.  45.  p.  xliii. 
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"  dans  une  lettre  particuliere  adressee  a  Paris  dans  le  roois  de  Scptembre  de  cette 
"  meme  annee,  avec  la  m&hode  qu'il  employoit  a  ces  sortes  de  recherche*.  Ce  fut  done 
"  a  foccasion  de  cette  come'te  que  Ton  commenca  a  ecrire  differena  traites  sur  la  theorie 
"  de  ces  astres,  selon  les  principes  de  Newton.  Un  seul  d'entre  leur  auteurs  avoit  eu 
"  communication  du  precede  de  M.  Bradley  j  mais  les  autre*  avoient  fait  de  leur  cote 
"  d'heureux  efforts  et  s'etoient  fraye'  chacun  une  route  particuliere,  de  sorte  qu'au  niois 
"  de  Juillet  1743,  a  Toccasion  d"une  petite  come'te  qui  avoit  paru  au  commencement  de 
"  Tannee,  M.  Maraldi  lut  a  rAcademie  des  Sciences  la  premiere  theorie  de  comlte  qui 
"  ait  et£  calculee  en  France." 

Le  Monnier  published  his  Theorie  des  Cometes  in  1743,  and  acknowledges'  the  obli- 
gation he  was  under  to  Bradley;  he  must  therefore  be  the  single  individual  above 
alluded  to.  Dclambre1  complains  of  the  manner  in  which  the  explanations  are  given  in 
that  work,  and  though  he  at  first  rather  connects  the  obscurity  with  Bradley's  communi- 
cation, he  afterwards  inclines  to  attribute  it  to  the  want  of  order  and  perspicuity  in 
I*e  Monnier,  who  was  no  favourite  among  his  countrymen.  With  whom  the  alleged 
fault  may  have  originated  is  not  worth  discussing,  but  we  must  repel  the  ungenerous' 
conclusion,  that  Bradley  (with  Halley  and  Le  Monnier)  was  mean  enough  to  indulge 
the  wish  of  keeping  his  method  a  secret  from  the  world.  Bradley  hod  too  much 
good  sense  to  think  that  such  a  secret  was  to  be  kept.  In  the  very  first  paper  which 
he  published,  he  distinctly  stated"  that  he  calculated  his  parabolas  by  sir  I.  Newton's 
method,  and  if  some  improvements  may  have  occurred  to  him  in  practice,  he  knew 
that  others  who  applied  to  the  subject  would  most  probably  be  able  to  acquire  these 
same  advantages  for  themselves,  and  even  (as  the  event  immediately  proved)  to  devise 
new  methods  that  might  be  more  useful  than  that  by  which  his  calculations  had  been 
guided.  We  have  not  his  letters  to  Le  Monnier  on  the  subject,  but  even  if  they  were 
not  so  copious  as  the  historian  might  have  wished  them  to  be,  still  the  fact  might  be  ac- 
counted for  without  recourse  to  any  suspicion  of  dishonourable  motives.  Bradley  disliked 
writing,  and  to  a  scientific  correspondent  he  might  be  unwilling  to  enter  into  details  which 
he  would  presume  to  be  unnecessary.  It  is  but  just  likewise  to  take  into  consideration,  that 
the  communication  was  probably  made  when  his  mind  was  occupied  by  the  most  import- 
ant event  of  his  life — when  he  was  taking  possession  of  the  observatory  at  Greenwich, 
and  preparing  for  the  discharge  of  his  duties  as  Astronomer  Royal*. 

CHAP.  VI. 

Bradley  succeeds  Halley  as  Astronomer  Royal— Created  D.  D. — State  of  the  instruments  at 
Greenwich— Observations  made  in  1 742. 

HALLEY  had  reached  his  grand  climacteric  when  he  succeeded  Flamsteed  in  1719 
as  Astronomer  Royal ;  but  depending  on  the  great  natural  strength  of  his  constitution,  he 
did  not  hesitate  to  enter  on  a  series  of  lunar  oluervations  which  required  a  period  of 
nearly  twenty  years  for  their  completion.  He  seems  to  have  been  proud  of  his  physical 
powers,  and  Hearnc  says*,  "  Dr.  Halley  (now  in  the  72d  year  of  his  age)  does  not  care 

r  p.  xlii.  the  fewness  of  the  observations  which  he  made 

'  Hist,  de  l'Astr.  au  xviii  si&cle,  p.  190.  of  the  comet. 
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"  to  be  thought  old indeed  he  felt  no  indication  of  decay  before  1787,  when  his  right 
hand  was  attacked  by  paralysis.  This,  however,  seems  not  to  have  prevented  him  for 
some  time  from  active  exertion,  or  even  the  enjoyments  of  life :  but  the  disease  increased 
him  ;  and  when  he  found  himself  failing,  he  was  anxious  to  secure  Bradley  for  his 
It  is  said  that  he  was  even  willing  to  have  resigned  in  his  favour,  and  that  the 
letters*  in  which  he  urged  these  wishes  were  found  among  Bradley's  papers.  It  is  to 
l)e  regretted  that  the  search  which  was  made  for  these  proofs  of  Halley's  kind  feeling 
and  zeal  for  the  promotion  of  astronomy  has  been  unsuccessful ;  it  is  to  be  regretted, 
likewise,  that  he  had  not  the  satisfaction  of  seeing  so  excellent  a  design  carried  into 
jtion:  he  died  on  the  14th  of  January  1742a,  and  Bradley's  appointment  as  his 
did  not  take  place  till  the  following  month. 
Bradley's  success  has  been  generally  (and  there  is  every  reason  to  believe  justly)  attri- 
buted to  the  ^friendship  and  patronage  of  George  earl  of  Macclesfield ;  but  neither  the 
warmth  of  that  friendship,  nor  the  manner  in  which  it  was  exerted,  have  been  properly 
known.  The  two  followingc  letters,  however,  (the  originals  of  which  are  at  Shirbum 
Castle,)  will  shew  the  caution  as  well  as  the  zeal  with  which  it  was  made  to  bear  on  this 
great  object.    From  them  it  appears  that  his  lordship,  at  the 


'  Hist,  de  I'Ac.  des  Sciences,  1702.  p.  238. 
Supp.  to  Biog.  Diet.  p.  56. 
■Biog.  Brit.  1757.  vol.  IV.  p.  1516. 
■  Hist,  de  l'Ac.  R.  des  Sciences  1762,  p. 
238.  Supp.  to  Biog.  Diet.  p.  56. 

c  Lord  Macclesfield  appears  to  have  preserved 
no  part  of  the  correspondence  which  took  place 
between  him  and  Bradley,  and  these  letters 
were  only  saved  by  circumstances  in  which  the 
scientific  world  is  much  interested,  and  con- 
cerning which  it  is  of  some  importance  that 
the  truth  should  be  distinctlv  known. 

Dr.  Hutton  says,  (Diet.  art.  Jones.)  that  sir 
W  illiam  Jones's  father  possessed  the  "  best 
"  mathematical  library  in  England ;  scarcely 
"  any  book  of  that  kind  but  what  was  there  to  be 
"  found.  He  had  collected  also  a  great  quantity 
"  of  manuscript  papers  and  letters  of  former 
"  mathematicians. . .  After  bis  death  these  were 
"  dispersed,  and  fell  into  different  hands,"  &c. 
Now  Mr.  Jones  says  in  his  will,  "  I  bequeath 
"  to  the  right  hon.  Geo.  earl  of  Macclesfield  my  and 
"  study  of  books  as  they  stand  in  my  catalogue,  very 
"sod 'any  additions  which  1  may  hereafter  inter 


that  no  part  of  Mr.  Jones's  collection  could 
have  been  contained  in  it:  in  truth,  it  was 


only  the  portion  of  books  which  happened  to 
be  in  his  lordship  s  house  in  St.  James's 


any 

e  thereunto."  He  also  appointed  lord  M. 
to  be  one  of  his  executors ;  and  as  his  lordship 
was  regularly  admitted  to  act  in  that  capacity,  it 
is  very  improbable  that  he  should  not  have  taken 
pos»esxii.iti  of  a  legacy,  which  on  every  account 
must  have  been  particular! v  valuable  to  him.  We 
find,  indeed,  that  a  library  of  the  earl  of  Maccles- 
field was  brought  to  the  hammer  in  1765,  but  any 
one  who  would  have  taken  the  trouble  of 
examining  the  sale  catalogue  would  have  found 


and  though  it  was  considerable,  the  dispersion 
of  it  could  have  been  attended  with  little  loss 
to  the  family,  and  none  to  the  world.  In  the 
library  of  the  Koyal  Society  there  is  a  transcript 
of  one  of  the  Oxford  MSS.  of  Pappus  (Bib. 
Sar.  N '.  3.)  which  was  given  by  Mr.  Jones. 
This  and  other  presents  which  he  made  during 
his  lifetime,  may  hare  led  to  the  idea  which 
Dr.  Hutton  entertained  of  the  books  having 
been  dispersed.  There  seems  to  be  no  other 
foundation  for  the  story.  The  invaluable  collec- 
tion, in  the  highest  order,  and  in  the  best  state 
of  preservation,  is  now  in  the  library  of  Shirbum 
Castle.  Dr.  Hutton 's  description*  of  its  con- 
tents is  by  no  means  overcharged.  The  printed 
books  consist  of  the  most  valuable  and  some  of 
the  scarcest  of  the  old  writers  on  mathematics 
;  and  the  manuscripts,  which  arc 
contain  many  of  the  greatest 
interest,  and  a  collection  of  letters  from  Petty, 
Fermat,  Pell,  Brook  Taylor,  Newton,  Barrow, 
Huvgens,  J.  and  D.  Gregory,  Hooke,  Cotca, 
Halley,  Flamsteed.  YVallis,  &c.  &c.  &c.  It 
was  among  these  manuscripts  that  the  two  let- 
ters were  found  which  are  printed  in  the  text; 
they  were  fortunately  preserved  by  Mr.  Jones, 
and  accidentally  returned  with  bis  other  trea- 
sures to  the  nobleman  who  did  himself  so  much 
honour  by  writing  them. 
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support  of  the  government :  it  was  not,  therefore,  hi*  political  interest  which  prevailed ;  it 
was  the  weight  which  was  justly  attributed  to  his  opinion  on  scientific  subjects,  and  which 
must  have  been  supported  by  the  united  testimony  of  all  who  knew  and  were  interested 
in  the  state  of  astronomy. 

»  TO  WILLIAM  JONES,  ESQ. 
"  in  Beaufort's  Buildings  in  the  Strand,  London. 

"  Deae  Sia, 

"  I  received  your's  yesterday  in  the  afternoon,  and  the  shortness  of  the  days,  together 
"  with  my  having  company  at  dinner,  prevented  my  writing  by  the  last  post,  but  I  have 
"  by  this  post  written  a  long  and  pressing  letter  to  the  Chancellor"3  in  behalf  of  Mr. 
"  Bradley,  whom  you  know  how  rejoiced  I  should  be  to  have  it  in  my  power  to  serve. 
"  But  my  way  of  thinking  and  voting  is  a  great  obstruction  to  having  any  interest  at 
"  court,  nor  can  I  think  of  any  other  way  I  can  recommend  Mr.  Bradley  to  this  profess- 
"  orship,  than  by  means  of  the  Chancellor  and  Archbishop1.  I  do  not  know  upon  what 
"  footing  my  kinsman  Mr.  Justice  Parker  is  with  Lord  Chief  Justice  Willes,  it  is  certain 
"  the  latter  has  great  interest  with  sir  llobert,  and  it  may  be  of  advantage  if  cousin 
"  Parker  would  state  the  thing  in  a  proper  light  to  Willes,  and  represent  to  him  how 
"  much  it  will  be  for  sir  Robert's  discredit,  that  the  only  man  in  England  fit  to  succeed 
"  Iialley  at  Greenwich,  confessed  so  by  all  who  know  any  thing  of  astronomy,  should 
"  be  put  by,  and  the  finest  instrument  in  the  universe  put  into  the  hands  of  a  person 
"  unable  to  make  a  proper  use  of  it.  I  dare  say  my  cousin's  friendship  for  me  will  make 
"  him  undertake  this  part,  and  endeavour  to  prevail  upon  Willes  to  interest  himself  for 
"  Mr.  Bradley,  if  there  be  no  impropriety  in  the  thing:  I  wish,  therefore,  you  would 
"  talk  to  him  from  me,  and  shew  him  l>oth  this  and  the  enclosed  copy  of  my  letter  to 
"  the  Chancellor,  which  will  contribute  possibly  to  make  him  master  of  the  case,  and 
"  enable  him  to  talk  to  Willes  the  better  upon  it.  If  your  health  should  not  permit 
"  you  to  call  upon  Mr.  Justice  Parker  yourself,  I  would  have  you  send  for  my  cousin 
"  John,  and  explain  the  thing  to  him,  and  desire  him  in  my  name  to  go  to  the  Judge, 
"  and  represent  the  thing  to  him,  and  desire  his  assistance  in  the  affair  so  far  as  may 
"  be  consistent  with  the  footing  he  may  at  present  be  upon  with  Willes,  or,  in  short,  so 
"  far  as  he  shall  think  convenient.  Mr.  Folkes  might  speak  to  the  duke  of  Richmond, 
"  you  to  sir  Charles  Wager,  and  lord  Charles1,  to  somebody  or  other,  for  I  think  nothing 
"  should  be  left  undone  that  can  at  present  be  done  for  our  friend,  this  being  the  only 
"  time  for  advancing  him  in  die  way  he  chooses. 

"  Lady  Macclesfield  and  myself  have  both  had  colds,  but  both  are  better  at  present, 
"  and  hope  to  arrive  in  good  health  in  town  on  Saturday  about  five  o'clock,  when  if  I 
"  do  not  sec  you,  I  should  be  glad  to  hear  by  a  line  or  two  what  prospect  there  may  be 
"  of  Mr.  Bradley's  succeeding. 

"  I  am,  dear  sir, 

"  Your  affectionate  friend,  and  humble  servant, 

Sbirboro.J.a.14,  "MACCLESFIELD." 
J  741-42. 

*  Lord  Hardwickc.  *  Dr.  Potter.  f  Probably  lord  C.  Cavendish. 
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My  Lohd, 

"  Yesterday  I  received  notice  that  Dr.  Halley  could  not  hold  out  longer  than  a  day 
"  or  two,  and  I  hope  your  lordship  will  pardon  my  troubling  you  with  this  in  behalf  of 
"  my  friend  Mr.  Bradley,  whom  you  formerly  seemed  inclined  to  serve  whenever 
"  Dr.  Halley 's  death  should  make  a  vacancy  at  Greenwich. 

"  It  is  not  the  salary  annexed  to  that  professorship  which  makes  me  so  desirous  that 
"  Mr.  Bradley  should  succeed  Dr.  lialley  in  it,  but  there  is  a  credit  attending  such  a 
"  professorship  when  possessed  by  a  man  of  real  merit ;  and  it  is  a  disappointment  to, 
"  and  a  sort  of  slight  put  upon,  such  a  person,  when  upon  a  vacancy  he  is  neglected, 
"  and  a  person  much  inferior  to  him  is  preferred  before  him  :  and  give  me  leave  to  say, 
"  that  must  be  Mr.  Bradley's  case,  whosoever  except  himself  succeed  Dr.  Halley ;  and 
"  besides  Mr.  Bradley's  abilities,  he  has  so  very  great  a  liking  to  the  practical  part  of 
"  astronomy,  the  making  observations,  that  on  that  score  it  would  be  extremely  agree- 
"  able  to  him,  and  the  science  would  have  the  greatest  reason  to  expect  to  receive  very 
"  considerable  improvements  from  his  observations. 

"  But  it  is  not  only  my  friendship  for  Mr.  Bradley  that  makes  me  so  ardently  wish 
u  to  see  him  possessed  of  the  professorship,  it  is  my  real  concern  for  the  honour  of  the 
"  nation  with  regard  to  science.  For  as  our  credit  and  reputation  have  hitherto  not  been 
"  inconsiderable  amongst  the  astronomical  part  of  the  world,  I  should  be  extremely 
"  sorry  we  should  forfeit  it  all  at  once  by  bestowing  upon  a  man  of  inferior  skill  and 
"  abilities,  the  most  honourable,  though  not  the  most  lucrative,  post  in  the  profession, 
"  (a  post  which  has  l>een  so  well  filled  by  Dr.  lialley  and  his  predecessor,)  when  at  the 
"  same  time  we  have  amongst  us  a  man  known  by  all  the  foreign,  as  well  as  our  own 
u  astronomers,  not  to  be  inferior  to  either  of  them,  and  one  whom  sir  Isaac  Newton  was 
"  pleased  to  call  the  best  astronomer  in  Europe.  This  will,  I  flatter  myself,  plead  my 
"  excuse,  if  I  should  appear  a  little  importunate  in  pressing  your  lordship  to  intercede 
"  early  and  earnestly  in  favour  of  Mr.  Bradley,  nor  can  I  apply  on  this  occasion  to  a 
"  more  proper  person  than  [your  lordship].  For  as  this  place  has  no  relation  to  any  de- 
"  partment  of  the  administration,  but  its  sole  business  and  view  is  the  advancement  and 
*  improvement  of  the  science  that  is  of  use  to  mankind  in  general,  but  more  particularly 
"  so  lo  us,  as  a  trading  nation,  and  the  chief  of  the  maritime  powers ;  this,  I  say,  being 
"  the  nature  of  the  place,  to  whom  can  the  recommendation  to  it  more  properly  belong 
"  than  to  your  lordship,  who  not  only  in  private  character,  but  by  your  public  office  like- 
"  wise,  arc  the  patron  of  learning  and  learned  men  in  general :  it  was  upon  this  foot  that 
"  my  father,  when  in  the  post  which  you  now  enjoy,  took  ujion  him  8  to  recommend  Dr. 
"  Halley  to  the  royal  professorship  at  Greenwich,  and  Mr.  Bradley  to  the  Savilian  at 
"  Oxford,  and  succeeded  in  both  his  recommendations;  and  he  always  thought  it  for  his 


«  Whiaton,  in  his  Memoirs,  vol.  I.  p.  252, 
mentions  this  very  circumstance.  He  says, 
that  (although,  as  Vic  acknowledges,  very  unfit 
for  the  situation)  he  was  persuaded  by  his 
friends  to  endeavour,  after  Flamsteed's  death, 
to  obtain  the  situation  of  Astronomer  Koyal ; 
that  he  applied  in  consequence  to  "  his  very 
■*  valuable  friend  and  patron,  the  then  Lord 


"  Chancellor  Parker,"  who  told  him  "  that  he 
"  had  spoken  already  to  the  king  for  Dr. 
«  Halley." 

At  p.  272  of  the  same  volume,  Whiaton 
speaks  also  of  his  "  great  friend  and  natron, 
"  Sam.  Molyneux,  Esq."  which  leaves  little 
doubt  with  respect  to  the  conjecture  which  is 
made  in  V.  161,  note  '. 
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"  honour  to  have  recommended  two  so  able  men.  And  I  dare  assure  your  lordship,  that  if 
"  you  shall  be  pleased  to  espouse  Mr.  Bradley'*  interest,  you  will  have  the  satisfaction  to 
"  find  your  recommendation  of  him  approved  and  applauded  universally  by  those  who 
»  are  versed  in  those  studies,  both  at  home  and  abroad.  As  Mr.  Bradley's  abilities  in 
"  astronomical  learning  are  allowed  and  confessed  by  all,  so  his  character  in  every 
"  respect  is  so  well  established  and  so  unblemished,  that  I  may  defy  the  worst  of  his 
"  enemies  (if  so  good  and  worthy  a  man  have  any)  to  make  even  the  lowest  or  most 
"  trifling  objection  to  it.  After  all,  it  may  be  said,  if  Mr.  Bradley's  skill  is  so  uni- 
"  versally  acknowledged,  and  his  character  so  established,  there  is  little  danger  of 
"  opposition,  since  no  competitor  can  entertain  the  least  hope  of  success  against  him. 
"  But,  my  lord,  we  live  in  an  age  when  most  men,  how  little  soever  their  merit  may 
"  be,  seem  to  think  themselves  fit  for  whatever  tbey  can  get,  and  often  meet  with  some 
"  people,  who  by  their  recommendations  of  them  appear  to  entertain  the  same  opinion 
"  of  them,  and  it  is  for  this  reason  that  I  am  so  pressing  with  your  lordship  not  to  lose 
44  any  time,  as  I  am  confident  you  would  be  sorry  the  professorship  should  be  given  to 
"  a  person  unqualified  for  it,  and  the  finest  instrument  perhaps  in  the  universe  put  into 
44  the  hands  of  a  person  unable  to  make  a  proper  use  of  it,  and  this  to  the  prejudice  of 
"  the  best  qualified  and  most  able  astronomer,  that  not  only  this  nation,  but  probably 
"  all  the  world  can  at  present  shew. 

"  But  I  forgot  how  precious  your  lordship's  time  is,  &c." 

There  is  something  highly  gratifying  in  the  merited  success  of  such  a  recommenda- 
tion. The  unrivalled  character  which  Bradley  had  established  as  an  astronomer  marked 
him  as  the  fittest  ]>crson  for  the  situation ;  but  the  vacancy  occurred  just  at  the  moment 
when  the  opposite  party  drove  sir  Robert  Walpole  from  office,  and  in  those  times,  and 
under  such  circumstances,  merit  could  not  be  sure  of  its  reward.  But  he  was  not 
deprived  of  it,  or  rather  the  world  was  not  deprived  of  Bradley,  and  the  minister  ought 
not  to  lose  the  honour  which  he  deserves  for  having  acknowledged  and  rewarded  his 
talents.  It  was  onh  the  2d  of  February  1743,  that  the  administration  was  finally  defeated 
in  the  house  of  commons,  and  on  the  following  day  an  adjournment  took  place  previous 
to  sir  Robert's  resignation  on  the  11th.  Now  Bradley's  appointment  was  dated  on  the 
3d'.  It  appears,  therefore,  that  one  of  the  first  things  which  Walpole  looked  to,  as  soon 
as  he  had  determined  to  retire,  was  to  make  use  of  the  power  which  yet  remained  in  his 
hands,  to  secure  the  office  of  astronomer  royal  for  the  man  who  of  all  others  was  the  most 
deserving  of  it. 

Bradley  liad  not  proceeded  further  than  to  the  degree  of  M.  A.  but  the  university 
now  created  him  D.  D.  by  diploma,  a  distinction  which  is  never  granted  at  Oxford  but 
under  very  special  circumstances;  more  particularly  to  resident  members,  who  may 
be  expected  to  proceed  by  regular  advance  in  academical  graduation.  In  the  registers 
of  the  proceedings  of  convocation  we  find  the  consent  of  the  chancellor  (the  carl  of  Arran) 
to  the  measure,  in  consideration  of  Bradley's  extraordinary  merit  and  his  particular  ser- 
vices to  the  university,  and  the  form  given  to  the  instrument  will  best  express  the  senti- 
ments of  those  who  were  most  intimately  acquainted  with  him. 

"  Coxes  Memoirs  of  sir  R.  Walpole,  vol.  I.  p.  695.  '  fkppL  to  Biog.  Dirt.  p. 56. 
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"  Cancellarius  magistri  et  scholares  univcrsiutis  Oxoniensis  omnibus,  ad  quos  hoc  prw- 
"  tens  scriptura  pervenerit,  salutem  in  Domino  sempiternam. 

"  Cum  eum  in  finera  gradus  academici  a  majoribus  nostris  prudcnter  instituti  fuerint, 
"  ut  vin  de  Uteris  et  artibus  ingenuis  optirae  meriti  iisdem  insignirentur,  quorum  in 
"  numerum  vir  egregius  Jacobus  Bradley,  A.M.  Astronomic  Professor  Savilianus  sum  mo 
"jure  ascribatur,  qui  in  literis  reconditioribus  eruditionis  sua*  laudatores  e  quavis  fere 
"  gcnte  praestantissimos  et  paratos  daret,  si  inter  suos  Oxonienscs  men  to  rum  suorum  lo- 
"  cupletes  et  certissimi  deessent  testes,  quem  doctorum  Halleii  iaborum  multos  per  annus 
"  aocium  fuisse  et  levamen  novimus,  ejusdcm  etiam  amicitia  ornatum,  fain*  smulum ; 
"  cumque  talem  tantumque  virum  sciential  sua?,  extincto  HaJleio,  coryphaeum  tarn  bene 
"  lateque  notum  justissimis  exterorum  pneconiis  celebratura,  regio  demum  favore  ad  pri- 
'*  mum  astronomiae  sedem  evectum,  omni  modo  academiam  deceat  sua  etiam  honoris 
"  tessera  cohonestare. — Placuit  alma?  matri  filio  sui  amantissimo  de  se  optime  mcrito,  muL 
"  tis  nominibus  ipsi  caro,  illustrissimum  amoris  et  observantiae  testimonium  palam  pcrhi- 
"  berc,  cundemque  honestissimis  insignibus  decorarc: — Sciatis  igitur  quod  nos  cancclla- 
"  riua,  magistri  et  scholares  antedicti  eundem  doctissimum  virum  Jacobum  Bradley  die 
"  vicesimo  secundomensis  Februarii  anno  Domini  millesimo  septmgesimo,  quadragesimo k 
'*  primo,  in  solenni  et  frequentissimo  doctorum  magistrorum  regent  mm  et  non  regent  mm 
"  tenatu,  doc  tore  in  in  sacra  theologia  rcnunciavimus  el  constituimus,  eumque  virtute 
"  prasentis  diplamatis  omnibus  et  singulis  juribus  privilegiis  et  honoribus  ad  gradum 
"  doctoris  in  sacra  theologia  quaqua  pertincntibus  frui  et  gaudere  jussimus.r' 

The  lectures  in  experimental  philosophy  probably  detained  Bradley  in  Oxford  during 
the  spring;  for  he  did  not  go  to  reside  at  Greenwich  till  June1.  When  he  went  there, 
he  was  at  first  unable  to  do  much  from  the  wretched  state  in  which  he  found  the  instru- 
ments. That,  which  lord  Macclesfield  speaks1"  of  as  perhaps  the  finest  in  the  world, 
must  have  been  Grahams;  but  the  "roof  of  the  room  in  which  it  was  placed  "  was  so 
"  near  the  top  of  die  stone  wall,  that  at  some  seasons  of  the  year  the  warping  of  the 
11  timber  would  cause  the  leaden  weight ,  which  balanced  the  telescope  of  the  quadrant,  to 
"  rub  against  the  boards,  so  that  in  some  posidons  it  required  a  pretty  considerable 
"  degree  of  force  to  move  the  telescope,  which  may  be  supposed  the  reason  why  the  too 
"  great  stiffness,  with  which  it  turned  about  the  brass  cylinder,  was  not  duly  attended  to ; 
"  otherwise  the  accident  which  happened  of  breaking  the  screws,  with  which  that  cylin- 
"  der  was  fastened  to  the  centre  plate,  might  have  been  prevented  by  putting  a  little  oil 
"  to  it."  As  soon  as  this  was  discovered,  the  parts  were  taken  off  for  Graham  to  make 
the  necessary  repairs;  and  it  was  found  that  "the  centre  cyhnder  then  adhered  so  firmly 
"  to  the  steel  collar,  that  it  required  a  considerable  force  to  get  it  out."  There  was  like- 
wise no  apparatus  for  illuminating  the  wires  of  the  telescope.  Halley,  indeed,  seldom 
attempted  to  observe  when  this  was  necessary,  and,  when  he  did,  he  only  placed  a  candle 
on  the  south  end  of  the  pier,  so  that  its  light  might  be  reflected  back  from  a  shutter 
which  slided  perpendicularly  n.  Bradley  introduced  the  lamp  with  an  elliptical  screen  at 
the  end  of  the  telescope,  such  as  was  contrived  and  used  at  Kew  in  1725°. 

»  The  date  is  really  Feb.  22,  1 74 1  -42,  which       1  P.  381.      -  P.  xhri,  xlviii.        "  P.  38 1 . 
answers  to  the  latter  year  and  not  to  1741,  ac-       0  P.  107. 
cording  to  the  new  style. 
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Flamstecd  provided  his  own  instruments,  and  laid  out  morel  than  120  pounds 
on  the  construction  of  that  which  Abraham  Sharp  divided  for  him.  His  executors 
removed  them,  and  Halley  was  obliged  to  procure  others.  In  1721 r  his  transit*  was  set 
up,  it  was  5  feet  in  length  with  an  aperture  of  1 J  inch.  It  turned  upon  an  axis  of 
s\  feet,  but  the  telescope  was  heavier  at  the  end  in  which  the  eyeglass  was  fixed,  so 
that  for  any  observation  it  required  to  be  supported 1  at  the  proper  altitude.  The  tube 
also  was  much  nearer  to  one  end  of  the  axis  than  to  the  other,  a  construction  which 
Dr.  Hornsby"  conjectures  to  have  been  occasioned  by  Halley's  having  been  obliged  to 
accommodate  himself  to  the  place  in  which  the  instrument  was  to  be  used :  but  the  true 
cause  was  a  wish  to  prevent  the  axis,  if  possible,  from  bending  with  the  weight  of  the 
instrument.  Pound's  transit  was  made  in  the  same  manner,  and  it  was  the  construction 
used  by  Roemer*  in  the  very  first  which  was  ever  made.  The  principal  inconvenience 
resulted  from  the  impossibility  of  adjusting  the  line  of  collimation  on  the  same  meridian 
mark  when  the  axis  was  inverted.  This  is  the  reason  why  Bradley  was  obliged  to  have 
more  than  one  "  spotf"  at  Wansted  for  that  purpose,  till  Aug.  23, 1729,  at  which  time  we 
find  that  he  made  the  following  memorandum :  "  I  altered  my  meridian  telescope  by  placing 
"  the  tube  exactly  in  the  middle  from  each  end  of  the  axis,  whereas  it  had  been  before  4,45 
"  inches  nearer  the  east  end  than  the  west.'*  To  the  middle  of  the  longer  arm  of  his  axis 
Roemer  attached  a  cord,  which  passing  over  a  pulley,  and  being  stretched  by  a  weight1, 
remedied  in  some  measure  the  flexure  which  otherwise  might  be  produced  by  the  telescope. 
For  Halley's  transit,  a  different  contrivance  had  l>ccn  adopted :  four  bars  sprung  from 
each  extremity  of  the  axis,  two  of  which  were  fixed  obliquely  on  each  side  of  the  tube  of 
the  telescope,  and  the  others  to  a  metal  frame  which  was  placed  above  and  below  the  tele- 
scope; so  that  instead  of  the  continuous  surfaces  of  two  cones,  which  we  now  have,  there 
were  here  four  sides  of  a  conical  superficies  set  in  the  four  equidistant  points  of  the 
base.  Roemer  had  an  arm  to  his  axis,  which,  extending  parallel  to  the  tube,  enabled 
him  to  direct  the  telescope  without  .touching  any  part  of  the  apparatus.  Halley's  instru- 
ment seems  to  have  had  no  provision  of  this  kind,  and  yet  it  required  some  such  pre- 
caution, for  Bradley  found  that  it  was  liable  to  be  thrown  out  of  adjustment  by  being 
touched  although  with  the  greatest2  care,  and  that  the  same  effect  seemed  likewise  to  be 
produced  even  by  the  heat  of  the  body  when  any  one  approached  the  bars. 

Halley,  in  1725,  obtained  the  valuable  8  feet  quadrant  which  was  made  for  the  ob- 
servatory by  Graham.  The  radius  of  Fhunstecd's  mural  arc  was  6f.  7$  inch.b  and  the 
pier  for  it  may  have  been  built  in  a  room  pro]jortioned  to  these  dimensions.  This  might 
be  the  cause  why  the  ceiling  was  too  low  for  the  later  instrument  to  work  without 
injury.  It  is  to  be  regretted  that  an  instrument,  the  finest  of  its  kind  which  has  been 
ever  executed,  should  not  have  had  more  accommodation,  especially  when  we  consider 
the  constant  use  which  Halley  made  of  it.    He  has  been  unjustly  blamed  c  for  having 


'  Hist.  Ccelestis  1725.  Prolegomena,  p.  108. 

•  Lalande  Ast.  §.  2388. 

•  It  is  still  preserved  at  Greenwich. 
<  P.  382. 

u  Preface  to  Bradley's  Greenwich  Observa- 
tions, p.  ii. 

»  Horrcbovii  Opera,  torn.  III.  p.  -19.  §.  101. 


1  See  p.  x»iv. 

■  Horrcb.  p.  51.  108. 

*  P.  383. 

b  Flamsteed,  Hist.  C«rl.  Prol.  p.  108. 
c  Montblv  Review.  1786.  vol.  LXXIV.  p. 
185. 
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confined  himself  so  much  to  it  in  his  observations  of  the  moon :  and  it  has  been  attri- 
buted to  his  advancing  age  that  he  could  not  move  quickly  from  one  instrument  to  the 
to  take  the  transits,  as  well  as  the  zenith  distances.  Hcarne'1,  indeed,  speaks  of  him 
in  1721  as  being  "  somewhat  lame,"  which  would  have  increased  the  difficulty,  but 
the  value  of  each  instrument  for  its  respective  observations  was  not  then  understood. 
It  was  not  till  a  much  later  date  that  astronomers  became  convinced  of  the  impos- 
sibility, which  counteracted  their  endeavours  to  keep  every  part  of  their  quadrants 
truly  in  the  plane  of  the  meridian,  and  it  is  not  therefore  extraordinary  that  he  made 
comparatively  little  use  of  his  transit,  which  was  by  far  the  inferior  instrument.  But 
even  if  there  had  been  no  extraneous  difficulty,  Halley  had  only  one  vertical  wire 
in  each  of  his  telescopes,  and  it  was  therefore  impossible  for  the  meridian  observa- 
tions to  be  made  with  both,  as  he  never  had  a  regular  assistant.  In  this  respect 
Bradley  made  a  different  arrangement,  and  as  soon  as  he  went  to  Greenwich,  he  pro- 
cured the  appointment  for  John,  the  son  of  his  eldest  brother.  It  was  not  merely 
in  the  general  description  of  the  office  that  this  change  was  of  importance :  the  character 
of  the  first  who  enters  on  new  duties  often  gives  the  direction  in  which  they  will  after- 
wards be  fulfilled,  and  in  this  respect  John  Bradley  was  an  excellent  pattern  for  his 
successors.  Lalandee  says,  that  he  was  born  about  1728;  he  must  therefore  have  been 
quite  a  lad  when  he  entered  on  his  new  career ;  but  he  had  the  advantage  of  the  very 
best  instruction,  and  he  executed  his  great  master's  plans  with  unwearied  diligence. 

Bradley's  first  care  was  for  the  repair  of  his  instruments.  Graham  did  every  thing 
which  was  necessary  to  his  own  quadrant,  and  several  additions  and  improvements  were 
made  by  Si&son'  to  the  transit.  The  tube  was  balanced;  a  proper B  apparatus  was 
applied  for  illuminating  the  wires  in  every  position ;  a  new  level  was  made  for  adjusting 
the  axis,  so  as  to  make  it  truly  horizontal ;  and,  what  was  of  the  greatest  importance,  two 
vertical  wires  were  added  15'  of  a  degree  on  each  h  side  of  the  centre.   There  were  three  in 


'  N°.  91.  p.  154. 

*  Bibliographic  Astronomique,  p.  538 ;  La- 
lande  says,  that  he  continued  at  Greenwich  for 
fifteen  years ;  but  probably  not  so  long,  as  he  went 
to  sea  with  Capt.  Campbeil,  who  obtained  for  him 
in  1 767  the  appointment  of  second  mathemati- 
cal master  of  the  Royal  Naval  Academy  at 
Portsmouth,  with  which  he  was  allowed  to 
hold  the  office  of  purser  to  a  ship  in  ordinary. 
In  this  situation  he  continued  till  he  died,  in 
1 794,  when  he  was  succeeded  by  his  son  James, 
an  able  mathematician,  who  now  resides  at 
Portsca,  and  takes  private  pupils  whom  he  pre- 
pares for  the  navy.  John  Bradley  published 
the  observation  of  an  occultation  of  Venus  by 
the  moon  (Phil.  Trans,  vol.  XLVII.  p.  201), 
which  in  the  Index  to  the  Phil.  Trans.,  and  in 
all  lists  of  Dr.  Bradley's  writings,  is  by  mis- 
take attributed  to  him.  He  was  sent  by  the 
Board  of  Longitude  to  the  Lizard,  in  1769, 
to  observe  the  transit  of  Venus,  flee,  an  account 
of  which  is  given  by  Dr.  Maskelyne  in  the  pre- 


face to  the  Nautical  Almanac  for  1771  j  but 
no  idea  can  be  formed  of  his  useful  labours 
without  an  inspection  of  his  uncle's  papers,  in 
which  his  progress  may  be  traced  from  the 
schoolboy  to  the  indefatigable  ob- 


'  P.  382. 

«  Those  who  recollect  the  Greenwich  transit 
in  the  time  of  Dr.  Maskelyne,  may  remember 
the  handle  which  was  attached  to  the  eastern 
pier,  with  which  the  lamp  was  elevated  or  de- 
pressed, so  as  to  throw  the  proper  quantity  of 
light  into  the  tube  of  the  telescope.  It  is  im- 
possible not  to  recognise  this  very  arrangement 
in  the  plan  which  Bradley  recommended  for 
the  same  purpose  to  Lord  Macclesfield  (see 
P.  420)  :  it  is  most  probable  therefore  that  be 
used  it  from  the  time  of  his  first  going  to 
Greenwich. 

*  In  the  observation  books  there  is  die  fol- 
lowing entry,  1744,  Aug.  17  ;  "It  appears  by 
"  taking  a  mean  of  the  transits  of  several  stars 
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the  Wangled  transit,  and  there  are  a  few  instances  of  the  time's  being  taken  at  each  of 
them ;  but  this  method  of  multiplying  the  observations  does  not  appear  to  have  been  the 
ai  advantage  which  was  at  first  contemplated '.  Bradley  expressly  says  that  the  side 
i  were  added  "  kto  be  made  use  of  for  taking  the  transit  of  objects,  in  case  clouds, 
"  &c.  should  hinder  me  doing  it  at  the  middle  wire,"  and  trusting  to  the  accuracy  of  the 
intervals,  we  find  that  he  very  frequently  contented  himself  with  a  single  observation, 
and  that  not  always  at  the  centre. 

When  all  these  mechanical  repairs  and  improvements  were  completed,  Bradley  applied 
is  first  attention  to  the  adjustments  of  every  thing  for  the  work  which  he  had  in  hand, 
and  he  seems  to  have  given  up  nearly  the  whole  of  the  latter  part  of  1742  to  this  purpose, 
f  he  entries  in  the  regular  observation-books  begin  with  the  following  year;  but  the  im- 
portant work  which  was  previously  undertaken  is  still  preserved  on  separate  sheets,  which 
enable  us  to  trace  out  many  interesting  particulars. 

The  first  transit  observation  was  made  on  the  25th  of  July,  and  there  were  about 
1500  entered  between  that  time  and  the  end  of  the  year.  On  the  31st  of  July  "  the 
"  instrument  was  set  by  the  mark  made  by  Dr.  Halley  on  the  park  wall and  by  the 
observations  of  Capella  above  and  below  the  pole  in  August,  the  error  was  estimated 
which  there  might  be  in  the  position  of  the  mark :  on  the  3d  of  September  the  clock 
was  fixed  firmly  against  the  brick  wall,  and  its  dial  was  made  to  face  the  N.  W. :  Octo- 
ber 11th,  Graham  added  a  gridiron  pendulum  to  it1:  Dec.  4,  there  is  an  entry  of 
"  Returned  from  Oxford and  as  all  the  preceding  observations  from  Oct  16,  are 
entered  in  John  Bradley's  hand,  it  appears  that  by  that  time  he  had  acquired  sufficient 
knowledge  of  his  business  to  be  left  in  charge  of  the  observatory  while  his  uncle  was 
called  upon  to  be  absent  at  the  university. 

The  first  observation  with  the  quadrant  was  made  on  the  15th  of  June,  and  there 
are  about  twenty  before  the  state  of  the  brass  cylinder  and  the  fractures  of  the  screws 
were  discovered m.  This  took  place  in  the  beginning  of  July,  and  by  an  examination  of 
the  instrument  on  the  6th,  Bradley  found  that  it  gave  the  zenith  distances  too  small  by 
34"|,  that  being  the  quantity  by  which  he  considered  its  position  to  have  been  altered 
"since  it  was  adjusted  by  Mr.  Graham  and  himself  in  July  1726.    He  goes  on  to 


"  lately  observed,  that  a  star  on  the  equator  k  P.  382. 

"  paste*  from  the  first  to  the  middle  wire  in  1  Graham  put  a  new  and  probably  a 

"  59", 668,  and  from  the  middle  to  the  last  in  pensation  pendulum  to  the  quadrant  clock  in 

•'  60,  286  ;  the  angle  subtended  between  the  1st  the  month  of  August,  1744. 

-  and  2d  being  14'  55";  and  between  the  2d  m  P. 

•'  and  3d  15'  4  'J.    Bv  the  transit  of  the  pole-  n  The  following  memorandum  occurs  in  one 

taken  in  Dec.  1742.  those  angles  were  of  Bradley  *  books;  "  1726,  Sept.  I,  I  went  to 


"  found  to  be  14'  55"$  and  15'  IV  «•  Greenwich  with  Mr.  Graham,  and  1  adjusted 

I  Roemcr  had  ten  silken  threads  set  verti-  the  meridian  telescope  at  right  angles  to  the 

rally  in  his  transit,  or  rather  five  pairs  of  which  "  axis.  Upon  trial  we  found  it  varied  from  the 

the  two  lines  in  each  were  very  near  to  each  "  truth  about  1  \  diameter  of  the  thread,  which 

other.  He  seldom  used  any  but  the  three  near-  "  amounted  to  not  more  than  i  of  a  minute.". . 

est  the  centre,  and  for  the  snine  purposes  as  "  We  likewise  set  the  mural  instrument"  There 

Bradley.    The  interval  between  each  of  bis  are  repeated  notices  of  Bradley's  attention,  at 

pairs  was  24"  of  time  for  an  object  on  the  other  times,  to  the  quadrant,  but  this  is  the 

equator.     Horrebovii  Opera,  vol.  III.  p.  53.  only  mention  which  has  been  met  with,  of  his 

§.  117,  8.  p.  158.  §.  379.  examining  the  transit  for  Halley. 
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mention  an  examination  which  he  had  made  in  July  1784,  and  another  also  which  he 
had  made  with  Machin  and  Graham  in  July  1735 1  from  all  which  he  concluded,  that  if 
the  alteration  was  pretty  regular,  about  2"  per  annum  might  be  allowed  for  the  varia- 
tions from  the  time  when  it  wa*  first  adjusted  to  the  year  17*2.  On  the  29th  of  August 
of  that  year  Graham  had  the  telescope  taken  to  London,  when  he  removed  the  vernier  a 
little  further  from  the  centre,  because  in  hot  weather  it  was  found  hardly  to  reach  the 
line  of  outer  divisions,  and  he  added  two  vertical  wires  at  the  same  distance  from  the  cen- 
tre with  those  which  had  been  inserted  in  the  transit.  The  observations  were  regularly 
resumed  on  Sept.  the  12th,  and  on  that  day  we  find  the  following  memorandum :  "  By 
"  comparing  the  zenith  distances  taken  this  day  with  those  of  Aug.  29th,  it  appears 
"  that  the  line  of  collimation,  as  now  rectified,  corresponds  well  with  what  it  was  before 
"  any  alteration  was  made  to  the  telescope.  Hence  we  may  conclude  that  the  line  of 
"  collimation  was  not  sensibly  changed  from  its  first  rectification  by  Mr.  Graham  in  172G, 
"  during  the  following  sixteen  years,  and  therefore  in  the  later  observations  of  Dr.  Hal- 
M  ley,  the  error  of  the  zenith  distances  was  about  SO",  and  about  the  year  1734  only  15", 
■  to  be  added  to  the  olwcrved  zenith  distances." 

By  noting  the  passages  of  different  stars  with  both  instruments,  great  pains  were 
taken  to  detect  and  correct  the  deviations  of  the  plane  of  the  quadrant  from  the  meri- 
dian ;  these  arc  tabulated,  and  the  general  results  may  be  seen  in  the  note,  P.  383  of  this 
volume :  above  800  more  observations  were  made  before  the  end  of  the  year. 

In  addition  to  all  this  preparatory  care,  we  find  another  precaution  which  Bradley 
took  upon  this  occasion ;  for  there  are  two  large  sheets  on  which  he  has  written,  "  Ob- 
"  starvations  made  by  lord  Macclesfield  at  Shirburn  Castle these  are  written  out  in 
his  lordship's  own  hand,  and  extend  from  the  10th  of  September  to  the  end  of  the  year. 
There  is  also  an  additional  leaf  containing  "  Observations  made  at  Shirburn  in  March 
1748."  The  transits  are  taken  at  each  of  three  vertical  wires,  the  zenith  distances  at 
both  the  outer  and  inner  divisions  of  the  quadrant ;  and  from  the  dates  of  them  there  can 
be  little  doubt  of  their  having  been  obtained  by  Bradley,  as  a  test  to  which  he  might 
refer  his  own  observations  at  Greenwich. 

CHAP.  VII. 

Greenwich  observations  from  1743  to  1 749— Pendulum  experiments  at  Greenwich— Comet*  of 

1743,  1744,  and  1748. 

EVERY  possible  preparation  having  been  carefully  made  in  training  his  assistant,  as 
well  as  in  the  examination  and  adjustment  of  his  instruments,  Bradley  applied  himself 
with  all  his  best  powers  to  the  discharge  of  his  duties.  And  the  work  of  the  first  year 
alone  is  hardly  to  be  credited.  The  transit  observations  occupy  177  folio  pages:  no  less 
than  255  were  taken  on  the  8th  of  August ;  and  on  more  than  one  day  the  number  ex- 
ceeds 200.  Most  of  these  were  only  at  one,  and  that  not  always  the  centre  wire ;  but  still 
the  constant  alterations  in  the  direction  of  the  instrument  greatly  increased  the  trouble,  and 
makes  these  observations  much  more  than  equivalent  in  labour  to  the  some  number,  if 
they  had  been  severally  taken  at  each  of  the  wires  for  a  smaller  quantity  of  stars.  The 
quadrant  observations  for  this  same  year  fill  148  pages,  and  these  possibly  exhibit  the 
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greater  effort ;  the  time  was  generally  taken  at  this  instrument  for  the  star's  passage  as 
well  as  its  altitude;  the  urc  was  usually  read  off  only  on  the  outer  divisions  of  96,  but 
it  was  reduced  to  the  sexagesimal  degrees,  minute*,  &c;  still  they  were  very  numerous, 
and  even  on  the  8th  of  August,  which  has  been  just  mentioned,  they  did  not  amount  to 
less  than  181.  The  pages  are  each  ruled  for  sixty  entries,  but  sometimes  they  arc  in 
part  taken  up  by  the  notices  of  examinations  of  the  line  of  collimation,  &c.  8tc.  If,  how- 
ever,  fifty-five  observations  are  assumed  as  the  average  contents  of  each  page,  (and  this 
does  not  appear  by  any  means  too  large,)  it  will  be  found  that  nearly  18,000  were  made 
by  Bradley  and  his  nephew  in  1748. 

Mr.  Wollaston  says0  "  it  is  certain,  from  papers  I  have  seen,  that  Dr.  Bradley  had 
"  the  whole  British  Catalogue  calculated  to  the  year  1744;  and  there  are  traces  therein 
"  of  his  having  examined  almost  every  star  in  it  Indeed  I  have  been  well  informed 
"  that  Dr.  Bradley  observed  the  British  Catalogue  twice  through ;  first  with  the  old 
"  instruments  of  the  Royal  Observatory,  previous  to  1750;  and  afterwards  with  the 
"  new  ones."  This  catalogue,  reduced  to  1744,  is  probably  the  same  which  is  now  at 
Greenwich,  and  which  may  have  escaped  notice  from  its  having,  by  mistake,  been  de- 
scribed as  only  containing  "  the  southern  stars  P.*  If  so,  lord  Macclesfield  had  most 
probably  a  share  (and  possibly  a  considerable  share)  in  this  useful  workl,  for  there  is 
now  at  Oxford  on  exact  copy  of  the  same  catalogue,  which  formerly  belonged  to  his 
lordship's  observatory  at  Shirburn  Castle. 

Flamsteed's  catalogue  appears  without  doubt  to  have  been  the  basis  on  which  Bradley 
worked.  In  the  observation-book  we  find  for  example  the  following  memorandum,  1745, 
Sept.  9,  M  From  this  place  dotted  in  the  catalogue  under  the  column  of  the  right 
"  ascensions ;"  and  in  other  parts  of  both  the  transit  and  quadrant  books,  there  very 
frequently  occur  "  Dotted  off*,  "  Dotted  off  thus  far;"  and  there  is  a  paper  book  on 
which  is  written,  "  About  J une  1st,  1746,  a  new  semicircle  was  put  to  the  transit  b> 
"  strument ;— this  book  contains  the  stars  that  have  been  observed  since  the  above  arc 
"  has  been  put  up,  that  are  not  in  Mr.  Flamsteed's  catalogue."  This  new  arc  was  pro- 
bably of  a  larger  radius  than  that  which  luul  been  originally  attached  to  the  instrument, 
so  as  to  enable  them  to  mark  the  approximate  zenith  distances  of  undescribed  stars.  It 
appears,  therefore,  that  Mr.  Wollaston,  though  he  seems  to  have  imagined  that  he  had 
formed  a  high  estimate  of  Bradley's  labours,  in  fact  was  giving  a  description  which  was 
much  short  of  the  truth. 

In  the  transit  observations  the  passage  of  the  wires  was  generally  taken  to  the  nearest 
second  :  where  there  was  a  perceptible  interval,  it  was  most  commonly  marked  -f-  or  —  ; 
and  sometimes  the  £  or  $  of  a  second  is  estimated.  Dr.  Maskclyne,  in  the  earliest  of  his 
Greenwich  observations,  introduced  the  division  of  the  second  into  eight  parts,  and  in 
Sept.  1772  he  first  used  the  decimal  notation  which  is  now  universally  adopted. 

°  Specimen  of  a  general  Astronomical  Cata-  very  interesting  document.    It  is  the  right 

logue,  preface,  p.  xi.  ascensions  and  declinations  of  all  the  stars  in 

p  Cat.  of  MSS.  in  the  library  of  the  R.  Obs.  the  British  Catalogue,  as  they  stand  in  the  first 

Greenwich,  p.  3.  edition  of  the  Hiatoria  Cadestis,  the  R.  A.  bav- 

4  It  is  uot  known  by  whom  the  reductions  ing  been  reduced  to  time — the  whole  written 

were  made,  and  the  catalogues  transcribed ;  out  by  tlic  joint  labour  of  Bradley  and  of  his 

but  in  the  Sarilian  library  at  Oxford  there  is  a  noble  friend. 
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Bradley  had  considerable  obstacles  at  first  to  overcome  in  this  respect :  his  wires  were 
thick  compared  with  what  have  been  subsequently  introduced ;  his  instrument  of  course 
was  not  achromatic,  and  its  power  was  small.  On  the  1st  Aug.  1743,  we  find  the  follow- 
ing memorandum :  "  This  day  I  put  a  shorter  eyeglass  into  the  transit  telescope,  its 
M  focus  is  about  1£  inch,  so  that  the  telescope  magnifies  now  about  forty  times."  Every 
thing  likewise  which  is  new  requires  time  before  it  can  be  used  to  the  greatest  advantage, 
and  Bradley  was  the  first  who  introduced  the  method  of  observing  by  "  'noting  the 
"  proportional  distance  of  the  star  from  the  wire  at  the  two  beats  immediately  pre- 
"  ceding  and  following  the  transit  across  the  wire." 

He  likewise  made  improvements  in  the  method  of  observing  with  the  quadrant.  Hal- 
ley's  well-known  maxim  was,  "  Secure  your  minute."  The  divisions  on  the  vernier  for 
the  outer  arc  of  96  were  equivalent  to  13",18,  and  he  sometimes  read  off  by  estimate  to 
half  this  quantity ;  his  observations  were  therefore  not  to  be  depended  upon  as  nearer  to 
the  truth  than  about  7".  In  the  same  manner  Bradley  at  first  only  read  off  to  the 
nearest  of  these  divisions,  annexing  + ,  -,  and  sometimes  i  to  them ;  but  July  18, 1745, 
a  new  micrometer  screw  was  applied  to  the  instrument,  "  the  threads  of  which,"  he  says, 

"  are  much  finer  than  those  of  the  former,  viz.  89$  threads  in  one  inch  so  that  one 

"  revolution  of  it  will  alter  the  inclination  of  the  telescope  53  seconds."  After  this,  a 
fourth  column  was  added  to  the  other  three,  in  which  the  quantities  for  the  outer  arc  were 
recorded,  and  we  have  the  observations  taken  to  the  seconds  as  near  as  they  were  before 
to  the  divisions  of  the  vernier.  About  the  middle  of  August  in  the  same  year,  he 
"  fitted  a  shorter  eyeglass  into  the  quadrant  telescope,  (viz.  one  of  two  inches  focus,  the 
"  old  one  being  about  one  inch  longer,)  and  likewise  put  in  a  smaller  horizontal  wire, 
"  that  is  only  TJ*th  part  of  an  inch  in  diameter,  or  subtending  an  angle  of  5"  only;  the 
"  former,  that  was  of  the  same  size  with  the  perpendicular  wires,  seeming  too  gross  for 
"  small  stars."  But  the  greatest  difficulty  seems  to  have  been  from  the  limb.  The  pains 
have  been  mentioned"  which  he  took  from  the  beginning  to  reduce  it  to  the  plane  of  the 
meridian ;  but  in  1746  a  new  obstacle  occurred.  For  about  that  time  he  made  the  fol- 
lowing memorandum :  "  When  the  teIesco|>e  is  moved  about  the  centre  of  the  quadrant, 
"  it  appears  that  the  circles  or  arcs  on  which  the  divisions  are  made  are  not  every  where 
"  at  the  same  distance  from  the  centre  of  the  cylinder  upon  which  the  telescope  turns; 
"  for  if  a  small  piece  of  brass  be  fixed  to  the  nonius  plate,  and  a  point  or  stroke,  made 
"  upon  it,  be  brought  to  correspond  with  any  of  the  concentric  circles,  (as,  for  example, 
"  that  wherein  the  points  for  the  outer  division  are,)  it  is  found  that  the  arc  near  the 
"  beginning  of  the  divisions  or  the  0  point  seems  equidistant  from  the  centre  of  the  arc 
"  at  the  end  of  the  divisions,  but  the  arc  of  45%  or  thereabouts,  appears  sensibly  farther 
"  from  the  centre.  This  makes  it  probable  that  the  defect  of  15"  J  in  the  whole  arc  of 
"  the  quadrant  is  occasioned  by  the  cylinder's  being  placed  (at  least  at  present)  about 
"  T^  |  part  of  an  inch  from  the  true  centre  of  the  arcs,  in  a  line  passing  through  it  at 
"  45'  on  the  arch ;  for  such  a  position  of  the  cylinder  will  occasion  such  a  defect  in  the 
"  quadrantal  arc  as  was  found  in  Sept.  1745."  The  examination  of  the  instrument  in 
this  respect  was  repeated  in  Feb.  1747;  and  he  was  then  induced  to  believe  that  the 

'  Maskelyne  s  Observations  vol.  HI.  p.  339.  ■  P.  liii. 
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cxcentricity  did  not  exceed  T^  of  an  inch.  He  had  found  that  the  length  of  the 
quadrantai  arc  had  for  several  years  been  gradually  diminishing,  and  this,  combined 
with  the  circumstance  now  mentioned,  seems  evidently  to  have  proceeded  from  the  same 
alteration  in  the  figure  of  the  instrument.  All  this  was  a  great  check  to  hi*  exertions ; 
we  no  longer  find  those  efforts  of  assiduity  with  which  he  began  his  career.  He  had 
found  that  his  instruments  were  inadequate  to  the  accuracy  which  he  was  desirous  of 
giving  to  his  observations,  and  which  he  succeeded  in  attaining  when  the  proper  means 
were  afterwards  furnished  for  him.  This,  however,  was  not  completed  before  1750; 
and  in  the  interval  there  were  several  other  objects,  of  no  small  importance,  which  occu- 
pied Bradley's  attention. 

The  astronomical  labours  of  1743  would  have  afforded  sufficient  occupation  to  any 
common  man ;  but  notwithstanding  all  that  he  did  in  the  observatory,  Bradley  found 
time,  in  this  same  year,  to  begin  a  course  of  experiments  on  the  length  of  the  seconds' 
pendulum.  The  subject  was  not  new  to  him;  before  he  drew  up  the  account  of  Mr.1 
Campbell's  observations  in  Jamaica,  he  had  paid  considerable  attention  to  it.  There  is 
a  paper  book,  on  the  first  jwgi-  of  which  we  find,  "  1719.  Observations  of  the  vibrations 
"  of  the  great  ball,  weighing  191b.  6£oz.,  being  in  diameter  1,22  inches,  hanging  by  a 
u  wire  and  axis  weighing  5oz.  14-ldwis.  The  distance  of  the  point  of  suspension  from  the 
"  surface  of  the  ball  73,73  inches."  There  are  pajwrs  also  on  the  same  subject  in 
Pound's  handwriting,  which  indicate,  that,  like  other  scientific  labours,  it  was  pursued  by 
them  in  common.  Their  apparatus  was  similar  to  that  which  was  used  by  the  earlier 
French"  philosophers,  and  which  is  still  employed  by*  those  of  the  present  day.  The 
experiments  were  most  probably  carried  on  at  Wansted ;  and  it  appears,  from  the  papers 
just  alluded  to,  that  the  length  of  the  pendulum  swinging  seconds  at  that  place  was 
found  to  be  between  39,14  and  89,168  inches.  We  know  nothing  of  the  standard  by 
which  these  measures  were  taken,  or  the  temperature  at  which  they  were  determined, 
and  they  are  therefore  only  valuable  as  the  first  approximations  by  which  Bradley's 
mind  became  familiarized  to  the  inquiry. 

On  the  13th  of  Sept.  1743,  he  returned  to  the  subject  at  Greenwich,  with  an  appa- 
ratus constructed  on  the  same  principle  as  before,  but  finished  in  a  more  complete  man- 
ner for  him  by  Graham.  The  experiments  were  continued  and  repeated  till  the  ISth  of 
Oct.  about  which  time  he  went?  to  Oxford :  they  were  resumed  at  Christmas ;  and  again, 
after  he  had  spent  his  spring  in  the  university,  in  July  1744;  but  the  results  which  he 
seems  most  to  have  depended  -on  were  those  which  he  arrived  at  in  1745  and  1749. 
The  details  of  each  experiment  are  preserved  amongst  his  papers,  but  it  seemed  to  be 
sufficient  to  print  the  synopsis,  which  will  be  found  at  P.  384  of  the  present  collection. 
Capt.  Eater's  elegant  application  of  Huygen's  theorem  has  superseded  all  other 
methods"  of  resolving  the  problem,  and  it  would  be  impossible  to  recompute  Bradley's 
results.  We  do  not  know  his  estimates  for  the  general  effects  of  temperature,  &c. 
and  the  principal  experiments  were  made  with  a  sphere  screwed  on  to  a  brass  wire », 

'  P.  62.  y  p.m. 

"  Mem.  de  l'Ac.  K.  dea  Science  1735.  •  This  wire  was  0,1  inch  in  diameter:  and 

*  Base  du  System.  Metrique,  vol.  III.  p.  338.  the  rigidity  which  it  gave  to  the  apparatus  was  a 

Biot.  et  Arago  Recuetl  d  obserrations,  p.  441.  manifest  improvement.  Prof.  Airy  has  pointed 
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which  was  supported  on  knife-edges.  Now  this  mass  of  matter  appears  from  the  draw- 
ing (PI.  III.  at  the  end  of  the  volume)  to  have  had  such  a  ratio  to  the  whole  as  must 
have  affected  the  conclusion :  there  is  however  no  indication  of  any  allowance  having 
been  made  for  it,  nor  is  there  any  memorandum  of  its  dimensions,  or  of  its  specific 
gravity.  Neither  can  these  particulars  be  now  recovered,  for  it  is  not  known  what  be- 
came of  the  apparatus.  It  is  not  at  Greenwich,  nor  can  any  thing  of  the  kind  be  found 
in  the  collection  of  the  Royal  Society. 

Bradley  found  the  lengths  to  be1  89,1 8472  inches  at  a  temperature  of  68°,  and  39,149 
at  92°,  which  give  89,18710  inches  for  a  temperature  of  62°.  In  this  no  allowance 
is  made  for  the  resistance  of  the  air;  but  we  know  from  Bessel's  experiments,  that  we 
are  not  yet  in  full  possession  of  the  effects  of  this  element  in  the  calculation. 

From  a  mean  of  twelve  observations  in  Portland-place,  Captain  Eater1*  found  the 
length  under  the  same  circumstances  to  be  39,13284.  This  was  by  Sir  George  Shuck- 
burgh's  scale,  and  answers  to  39,13147  by  that  of  the  Hoyal  Society,  which  by  Bird's6 
data  may  be  considered  as  equal  to  Graham's ;  Bradley's  length  therefore  has  an  excess  of 
0,00563.  The  difference  of  the  stations  would  not  make  a  variation  of  T3Vv  <>f  an  inch ; 
but  the  knife-edges  may  have  more  effect,  and  as  they  were  above  the  axis  of  suspension, 
they  would  have  tended  to  increase  the  distance  of  the  centre  of  oscillation.  If  an  allow- 
ance could  be  made  for  this  circumstance,  it  would  therefore  bring  H  rati  ley's  results  still 
nearer  to  the  most  accurate  of  which  we  are  in  possession,  and  shew  how  much  superior 
they  were  to  any  which  had  been  obtained  before  Captain  Rater's  determination  of  the 
question.  Graham's  estimate  was  39,126d;  and  Whilchurst  was  still  farther  from  the 
truth,  for  he  considered  the  length  of  the  second's  pendulum  to  bee  89,1196  inches. 


The  finest  comet  of  the  eighteenth  century  was  that  of  1744':  Lovs  de  1 
gives  a  splendid  account  of  it ;  on  the  1st  of  February,  he  says  that  its  light  i 
that  of  all  the  stars  of  the  first  magnitude,  even  of  Sinus ;  on  the  8th  it  was  equal  to  Ju- 
piter, when  in  opposition ;  and  on  the  18th  it  even  exceeded  Venus  in  size,  though  not 
in  brilliancy.  Its  light  even  increased  beyond  this,  so  as  to  make  it  visible  by  daylight. 
It  was  seen  by  Klinkenberg  at  Haerlem,  on  the  9th  of  December  1748  h,  but  more  than 
three  weeks  elapsed  before  any  thing  was  known  in  England  of  its  appearance.  This 
deficiency  in  scientific  information  seems  in  the  present  day  to  be  most  extraordinary ; 
yet  we  find  LacaiUe  regretting  in  a  letter1  which  he  wrote  to  Bradley  that  more 
than  three  years  had  passed  without  any  intelligence  having  reached  Paris  of  what  was 
going  on  among  astronomers  in  London.  This  letter  was  written  in  1748,  before  the 
peace  was  concluded  at  Aix  la  Chapelle;  and  as  England  was  engaged  in  the  < 
the  continent  as  early  as  1743,  even  in  the  latter  part  of  that  year  the  same 


,  which  must  be  made  for  the       *  Mem.  de  l'Ac.  Roy.  des  Sciences.  1735, 
length  of  the  pendulum,  when  it  is  deduced    p.  512. 


from  the  vibration  of  a  heavy  body  attached  •  Attempt  tow 

to  a  flexible  siring.  Mem.  of  the  Phil.  Soc.  of  sure*,  1787,  p.  17. 

Camb.  vol.  iii.  p.  355.  '  Lalande  3209. 

■  P.  387.  «  Traite  de  la  cometc  de  1743,4.  p.  138. 

*  Phil.  Trans.  1818,  p.  87.  "  Pingre  Cotnctographie,  vol.  II.  p. 52. 

«  P.  387.  •  P.  438. 
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may  have  prevented  the  accounts  of  observations  made  abroad  from  reaching  Eng- 
land. 

The  comet  was  not  discovered  in  England  till  the  evening  of  the  23d  of  Dec.  1743  O.S. 
It  was  then  seen  in  London  by  Dr.  Bevis ;  and  the  account  which  he  sent  of  it  to  Brad- 
ley will  Ik  found  at  P.  425.  There  is  a  paper  in  I  ..»rd  Macclesfield's  handwriting,  in 
which  he  discusses  this  account,  and  says,  that  there  was  no  other  way  of  reconciling  it 
with  his  own  observations,  than  by  "  supposing  the  Doctor  mistaken  in  the  stars"  with 
which  he  compared  the  comet,  and  that  it  was  probably  ? Andromedae  which  he  ob- 
served, when  he  refers  to  ij.  His  lordship  was  particularly  interested  about  the  circum- 
stance, because  the  comet  was  discovered  on  the  same  night  of  23d  of  Dec.  at  Shirburn 
Castle,  and  there  is  a  letter  which  he  immediately  wrote,  probably  to  Bliss,  giving 
him  an  account  of  it.  It  was  written  while  there  was  yet  some  uncertainty  ;  for  he  says 
towards  the  end,  "  if  it  prove  to  be  a  comet,  I  will  send  notice  of  it  to  Mr.  Graham  and 
"  Dr.  Bradley.**  A  postscript  adds  that  the  weather  afterwards  cleared  up,  and  left  no 
longer  any  doubt  on  the  subject,  and  he  communicated  all  the  particulars  to  Bradley  on 
the  following*  day.  It  was  seen  at  Greenwich  on  the  26th1,  and  observed  from  that 
time  till  the  17th  of  Feb.  There  is  indeed  an  ephemcris  of  it  from  Feb.  21  to  March  11, 
calculated  by  Gael  Morris,  and  probably  deduced  from  elements  with  which  Bradley 
had  supplied  him.  What  these  were  does  not  appear;  but  there  is  a  letter  at  Shirburn 
Castle,  dated  Feb.  12, 1743-4,  in  which  Bliss  tells  Lord  Macclesfield,  that  "  the  comet 
"  appeared  so  very  bright  last  night,  equalling  the  light  of  Venus,  that  Dr.  Bradley 
"  agrees  that  it  may  be  seen  on  the  meridian,  and  being  engaged  himself  has  desired 
"  me  to  request  your  lordship  to  try  to  observe  it.  The  elements  which  he  left  at  Shir- 
"  burn  appear  to  our  last  night's  and  former  observations  to  give  the  place  true  within 
"  2'  of  longitude  and  latitude."  That  he  reduced  them  afterward  to  a  greater  degree 
of  exactness  is  most  probable;  for  there  is  a  loose  sheet,  which  contains  what  was 
evidently  intended  for  the  introduction  to  a  paper  on  the  subject,  which  was  to  be 
addressed  to  Eon!  Macclesfield.  It  is  as  follows:  "  The  comet  which  appeared  lately 
**  with  such  uncommon  lustre,  having  engaged  the  attention  of  most  persons,  more 
"  particularly  of  astronomers,  its  apparent  course  has  no  doubt  been  accurately 
"  observed  as  well  in  other  parts  of  the  world  as  in  England.  Some  of  the  observations 
"  made  in  foreign  parts  being  of  a  more  early  date  than  any  made  here,  might  upon 
"  that  account  be  more  likely  to  enable  us  to  settle  its  true  course ;  but  as  those  are  not 
"  yet  transmitted  to  us,  I  have  made  use  of  the  best  and  earliest  of  our  own,  in  order  to 
**  determine  the  elements  of  a  parabolic  trajectory.  The  first  as  well  as  the  last  exact 
"  observation  of  the  comet  made  in  England,  I  had  the  honour  of  receiving  from  your 
"  lordship,  as  they  were  taken  in  the  observatory  erected  by  your  lordship  at  Shirburn 
"  Castle.  With  what  great  advantage  to  their  science  your  lordship  has  built  it,  the 
"  astronomers  of  future  ages  as  well  as  those  of  the  present  will  judge,  when  they  have 

"  the  opportunity  of  examining  your  lordship's  observations."  It  cannot  now  be 

ascertained  why  the  design  was  not  executed ;  but  it  may  have  been  given  up  from  mo- 
tives of  kindness.    Betts  was  a  young  man  who  had  just  taken  his  master's  degree  at 


"  P.  423. 


'  P.  372. 
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University  college,  and  his  anxiety  about  calculating  the  orbit  of  a  comet  is  described  in 
rather  an  amusing  manner  by  Blissm.  Bradley  may  therefore  have  been  inclined  to 
give  him  the  opportunity  of  exercising  himself  in  this  way,  which  he  so  far  succeeded  in 
as  to  obtain  his  elements  sufficiently  near  to  represent  eighteen  observ  ations  of  this  comet 
without  any  error,  which  exceeded  31"  of  longitude  or  37"  of  latitude". 

The  first  comet  which  appeared  in  1748  occupied  Bradley *■  attention,  and  his  ob- 
servations of  it  are  the  more  valuable,  because  Struyck  has  expressed  doubts  of  Maraldi's 
calculations  respecting  it.  Pingrtf0  indeed  bas  pointed  out  the  errors  which  might  have 
I  n  en  occasioned  by  defects  in  the  solar  tables,  and  they  particularly  affect  the  con- 
clusions at  the  time  of  the  comet's  passing  between  the  earth  and  the  sun,  but  still  it  is 
of  importance  to  have  some  independent  observations  by  which  the  elements  may  be 
examined.  The  transits  have  been  long  before  the  public!',  and  they  are  now  completed 
by  the  addition1)  of  those  for  declination'. 


Additions  and  corrections  to  the  preceding  chapters  collected  from  the  Journals 

of  the  Royal  Society. 

P.  iii.  The  first  notice  which  has  been  found  of  any  communication  from  Bradley  to 
the  Royal  Society,  is  in  March  1716.  On  the  6th  Halley  and  Pound  observed  an  Aurora; 
on  the  22d  of  that  month  mention  is  made  of  it,  and  of  "  a  letter  from  Mr.  J.  Bradlev 
"  from  Oxford,  curiously  describing  the  same,  wherein  he  remarks,  that  the  rays  or  beams 
"  which  ascended  towards  the  zenith,  passed  on  the  southward  thereof,  and  seemed  all  to 
"  tend  to  the  middle  between  Castor  and  Pollux,  about  25  degrees  from  the  zenith.*' 
The  "  J."  was  inserted  in  his  name  after  the  minutes  had  been  written,  to  distinguish 
him  from  Richard1  Bradley,  whose  name  was  at  that  time  more  familiar  to  the  members 
of  the  society.  Among  Bradley's  papers  there  are  several  rough  notes  of  the  Aurora, 
but  they  are  all  subsequent  to  that  which  is  here  alluded  to. 

P.  iv.  Oct.  23,  1718.  "  Dr.  Pound  presented  the  society  with  several  curious  astro- 
"  nomical  observations  lately  made  by  himself  and  Mr.  Bradley,  at  YVansted  in  Essex, 
"  viz.  of  the  eclipse  of  the  moon,  Aug.  29....*'  There  is  no  notic  e  of  this  observation  in 
Pound's  observation-book,  either  in  his  own  or  Bradley's  hand,  but  all  the  |»ariiculars  of 
it  were  published  in  the  Phil.  Trans,  vol.  XXX.  p.  855.  The  other  observations,  of 
which  mention  is  made,  are  the  appulse  of  Aldebaran  to  the  moon,  (sec  P.  342,)  "  this 
"  being  the  first  observation  of  the  application  of  the  moon  to  a  fixed  star  in  the  day. 


■  I'.  426.  < 

•  Phil.  Trans,  vol.  XLIII.  p.  97. 
°  Cometographie,  vol.  II.  p.  59. 

i>  Bradlev's  Greenwich  Observations,  vol. 
11.  p.  42$. ' 
'<  p.  37">. 

*  At  I'.  444,  there  is  a  letter  of  Bona  venture 
Suarer  from  Paraguay,  giving  some  observa- 
tions of  this  comet  of  174H.  In  the  same  year 
there  wu  a  remarkable  eclipse  of  the  sun.  At 
V.  447,  there  is  an  account  which  Ferguson 


sent  to  Bradley  of  the  observations  made  by 
Mr.  Irvine  at  Elgin,  where  it  was  annular. 
He  records  a  curious  circumstance,  for  "  before 
"  the  joining  of  the  cusps  of  the  sun,  and  at 
"  the  breaking  of  the  annulus,  a  tremulous  mo- 
"  tion  was  observed.  And  irregular  bright  spot* 
"  of  the  sun  'twixt  the  cusps."  An  appearance, 
icrv  similar  to  this,  was  observed  in  the  eclipse 
of  Sept.  1820.  See  Mem.  of  the  Ast.  Society, 
vol.  I.  p.  142. 
•  See  P.  vii.  note 
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"  time,"  and  the  conjunctions  of  Jupiter  with  Venus  and  Cor  Leonis ;  both  of  which 
are  printed  in  P.  843  of  the  present  volume. 

P.  iv.  Nov.  16,  1721.  "  Dr.  Halley  produced  a  paper  of  observations  he  had  lately 
"  received  from  Mr.  James  Bradley,  made  in  October  last,  being  some  very  curious 
"  -observations  on  the  planet  Mars,"  from  which  he  found  the  sun's  parallax  rather  less 
than  10".  It  is  added,  that  "  the  same  has  since  made  others  not  less  curious,  which  be 
"  will  be  pleased  to  communicate  in  time." 

P.  v.  July  2, 1719.  A  paper  of  Mr.  Bradley  was  read,  l>eing  "  an  account  of  cer- 
"  tain  irregularities  observed  in  the  motions  of  Jupiter's  satellites,  in  part  accounted  for 
"  by  the  new  tables  lately  computed  and  corrected  from  the  observations  made  by  the 
"  Rev.  Mr.  Pound  and  himself  at  Wansted."  From  the  particulars  mentioned  in  the 
minutes,  it  is  perfectly  clear  that  this  paper  must  have  been  identical  with  the  remarks 
inserted  in  Halley's  tables,  and  reprinted  at  P.  81  of  the  present  volume. 

P.  vi.  Oct.  23,  1718.  "  Dr.  Halley  proposed  Mr.  James  Bradley,  nephew  to  Dr. 
"  Pound,  as  a  person  very  well  qualified  to  be  a  member  of  this  society,  which  was 
"  referred  to  the  next  council."  At  a  meeting  of  the  council  on  the  6th  of  November, 
Sir  Isaac  Newton  being  present  as  President,  this  recommendation  was  approved,  and  on 
the  same  day  Bradley  was  in  consequence  elected  a  fellow.  It  happened  that  Saunder- 
son,  who  was  afterwards  Lucasian  professor  at  Cambridge,  was  elected  at  the  same  time. 

P.  ix.  No  entry  was  found  of  the  lime  when  the  Huygenian  glass  was  lent  to  Pound, 
but  it  is  referred  to  (April  6, 1721,)  as  if  the  society  had  engaged  him  to  make  use  of  it, 
rather  than  that  he  had  made  application,  and  borrowed  it  from  them.  For  in  speaking 
of  Hadley's  reflector,  it  is  said  that "  several  of  these  observations  were  never  made  before 
"  in  England,  until  the  society  set  up  their  long  telescope  of  above  120  feet  at  Wansted." 
There  is  no  observation  made  with  it  by  Bradley  after  Pound's  death  in  1724,  although 
he  kept  it  by  him  for  three  or  four  years,  as  we  find  by  the  following  minute :  June  20, 
1728.  "  The  Rev.  Mr.  Bradley,  Savilian  professor  of  astronomy  at  Oxford,  delivered 
"  to  the  society  the  glass  and  old  furniture  of  Mr.  Huygens's  large  telescope,  which  had 
"  been  re  posited  for  some  years  in  the  hands  of  his  uncle,  the  late  Mr.  Pound,  for  mak- 
"  ing  celestial  observations.  At  the  same  time  he  acquainted  the  society,  that  there  being 
"  no  conveniency  for  his  using  it  since  the  pole  upon  which  the  glass  was  erected  has 
"  been  broken,  he  thought  fit  to  return  it  into  the  hands  of  the  society,  and  withal 
"  desired  the  society  to  accept  of  such  new  additions  and  improvements  which  his  uncle 
"  had  made  to  the  furniture  and  apparatus,  whilst  he  was  using  it ;  viz.  a  curious 
"  micrometer  contrived  and  made  by  Mr.  Graham,  a  new  eyeglass,  a  new  director  to 
"  the  sight,  and  a  new  tin  lube  to  carry  the  object-glass." 

P.  x.  Jan.  7, 1726.  "  The  Rev.  Mr.  Burnett  sent  the  society,  by  the  hands  of  Mr.  Pro- 
"  fessor  Bradley,  a  present  of  the  glasses  belonging  to  the  longest  of  all  Mr.  Huygens's 
"  telescopes,  being  that  of  210  feet.  The  object-glass  of  this  telescope  with  that  of  another 
"  for  170  feet  (since  bought  by  Sir  I.  Newton)  are  mentioned  by  Mr.  Huygens  in  his 
"  Cosmotheoros,  with  a  particular  encomium,  as  being  not  only  the  largest  of  the  kind, 
M  but  also  the  most  perfect  as  to  the  exactness  of  figure,  of  any  that  had  ever  yet  been 


"  contrived.  And  as  such  they  were  presented  to  his  brother  Constantine  Huygens, 
"  secretary  to  king  William,  of  whose  executors  Mr.  Burnett  purchased  this,  which  was 


MEMOIRS  OF  BRADLEY. 


"  now  presented  to  the  society,  for  the  sum  of  100/."  Huygens's  name  is  written  with  a 
diamond  on  the  glass,  with  the  date  of  July  23,  1686,  which  refers  to  the  manufacture 
of  the  glass,  and  not  to  the  time  at  which  it  was  given  to  the  society  ;  it  having  been  pre- 
sented in  1726  by  a  friend  of  Bradley,  is  still  more  strongly  in  favour  of  its  being  the 
same  glass  which  was  used  by  him  in  1722.  The  focal  length  of  210  feet  is  probably 
according  to  the  Dutch  standard,  which  is  longer  than  ours,  and  may  account  for  Brad- 
ley's calling  it  21 2*. 

1  .  XXX1I1.  The  time,  within  which  the  cause  of  aberration  occurred  to  Bradley,  is  still 
further  narrowed  by  the  following  extracts  from  the  minutes  of  1728,  Nov.  14:  "  Dr. 
"  Halley  took  occasion  to  speak  concerning  the  late  improvements  in  astronomy  made 
"  from  the  new  discovery  of  an  annual  motion  of  the  fixed  stars.*'  He  gives  an  account 
of  what  had  been  done  at  Kew,  and  then  adds,  that  "  his  colleague,  the  Rev.  Mr.  Brad- 

"  ley,  resolved  to  fix  up  another  and  more  accurate  instrument  and  after  fifteen 

"  months'  almost  daily  observations  on  fifteen  different  stars,  has  at  length  discovered 
"  not  only  the  laws  of  the  motions,  but  also  the  true  and  manifest  cause  of  them."  The 
instrument  having  l>ccn  set  up  at  Wansted  on  the  17th  Aug.  1727,  the  fifteen  months 
would  only  have  been  expiring,  and  from  the  expressions  which  are  used,  it  is  clear  that 
the  completion  of  the  discovery  was  then  quite  recent.  Halley,  at  the  end  of  his  report, 
"  desired  that  a  proper  notice  might  be  taken  of  this  new  discovery  of  Mr.  Bradley,  to 
"  prevent  any  other  person  from  laying  claim  to  it  before  he  had  sufficient  time  to  pre- 
"  pare  and  adjust  his  observations  and  reflexions  on  this  subject  for  the  public."  After 
the  communication  was  finished,  Halley  concludes  his  report  by  saying,  that  Bradley 
was  sufficiently  convinced  of  his  having  discovered  the  true  cause  of  the  phenomena, 
since  he  was  "  able  to  foretell  at  any  time,  the  situation  of  a  star  being  given,  how  much 
"  the  variation  of  it  will  amount  unto,  and  that  with  so  much  exactness,  that  there  does 
"  not  remain  any  sensible  part  unaccounted  for,  which  can  be  supposed  to  arise  from 
"  parallax. — The  President  proposed  that  thanks  might  be  returned  to  Mr.  Bradley  for 
"  the  great  care  and  pains  which  he  has  taken  in  his  application  to  this  subject,  and 
"  likewise  that  it  would  be  proper  to  advise  Mr.  Bradley,  and  hasten  him,  to  the  publi- 
"  cation  of  his  thoughts,  as  soon  as  conveniently  may  be." 

P.  xxxiii.  note  ".  It  appears  that  in  1727,  and  several  of  the  following  years,  Sir 
Thomas  Dereham  was  in  Italy,  and  in  constant  correspondence  with  the  Royal  Society. 
Jan.  29, 1780,  we  find  mention  of  a  letter  to  him  from  Eust.  Manfredi,  dated  at  Bologna, 
Oct.  12,  1729,  in  which  great  approbation  is  expressed  of  "  the  theory  of  Mr.  Bradley, 
44  for  explaining  the  new  discovered  motion  of  the  fixed  stars."  He  speaks  likewise  of 
his  transit  observations,  which  he  designed  to  examine  at  his  first  leisure,  and  compare 
with  the  theory  of  aberration.  But  May  7, 1780,  a  letter  was  read  from  Mr.  Atwell, 
dated  Rome,  April  14,  1730,  in  which  he  describes  the  manner  in  which  the  doctrine 
had  been  received  in  Italy,  and  says,  "  they  do  not  at  present  seem  ready  to  give  into 
"  it,  and  Signor  Manfredi  of  Bologna  is  said  to  be  writing  an  answer  to  it."  Atwell 
then  states  how  he  had  exerted  himself  for  its  vindication ;  that  he  had  sent  an  explana- 
tion to  Manfredi  through  cardinal  Doria,  which  had  (as  he  heard)  had  the  effect  of 
removing  part  of  the  objections ;  but  what  the  difficulties  were  which  still  remained  he 
had  not  been  informed.    The  earth's  motion  in  its  orbit  was  so  closely  connected  with 
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the  theory  of  aberration,  that  ecclesiastical  prejudices  unfortunately  threw  impediment* 
in  the  way  of  its  admission  among  rigid  Roman  catholics,  and  more  especially  in  the 
papal  dominions. 

P.  xliii.  Feb.  25,  1748.  "  Mr.  Bradley  said  that  the  first  account  he  had  of  this 
"  comet  was  from  an  observation  made  on  Monday  the  20th  of  this  month,  at  Melk- 
"  sham  in  Wiltshire,  since  which  he  has  found  it,  and  made  observations  on  its  distance 
•«  from  the  stars." 

The  first  seven  chapters  of  these  Memoirs  were  drawn  up  and  sent  to  the  press  at  a  litue 
when  academical  business  made  it  inconvenient  to  be  absent  from  Oxford.  If  any  thing  occurred 
which  was  likely  to  admit  of  elucidation  from  the  records  of  the  Royal  Society,  application  for 
that  purpose  was  made  by  letter,  which  was  always  attended  to  in  a  very  obliging  manner  by 
the  assistant  secretary.  The  work,  however,  having  advanced  so  far  that  more  was  exi>ected  to 
be  found  than  at  an  earlier  period,  I  took  the  opportunity  myself  of  referring  to  the  Journals  in 
the  summer  vacation  of  1831.  As  they  were  more  full  than  I  had  by  any  means  anticipated,  1 
thought  it  right  to  look  through  the  whole,  which  belonged  to  the  time  of  Bradley's  life  when 
there  was  any  probability  of  his  being  mentioned.  Besides  the  particulars  for  which  I  had  been 
more  particularly  in  search,  the  additions  which  are  here  inserted  were  in  consequence  collected. 
It  is  to  be  regretted  that  there  was  occasion  found  for  correction  also  t  but  the  date  sent  with  the 
account  of  the  long  Huygenian  object-glass  was  connected  by  a  mistake  with  the  gift  of  it,  (P.  x.) 
when  it  was  found  that  it  probably  belongs  to  the  time  of  its  being  executed,  as  will  be  seen  in 
P.  Ixi.  It  is  to  be  regretted  also  that  these  earlier  notices  were  not  collected  in  time  to  be  dis- 
tributed in  the  several  places  to  which  they  belong ;  but  the  journals  and  minutes  of  the  Royal 
Society  from  1714  to  1762  (the  period  during  which  the  examination  was  to  be  made)  extend 
over  more  than  sixteen  folio  volumes;  and  to  look  through  all  these  for  my  particular  object 
was  u  task  to  be  undertaken  by  no  one  but  myself.  S.  P.  R. 

CHAP.  VIII. 

Nutation — History  of  its  discovery — Quantity  of  it — Reduction  of  the  Wansled  observations — 
Copley  medal  assigned  to  Bradley— His  connection  with  different  scientific  bodies. 

IN  September  17471,  Bradley  completed  the  series  of  oKservations,  which  established 
his  second  great  discovery,  the  nutation  of  the  earth's  axis.  Like  Halley,  he  required 
a  whole  revolution  of  the  moon's  node  to  do  all  that  was  necessary  for  completing  the 
object  which  he  had  in  view,  and  no  small  debt  of  gratitude  is  due  from  society  to  those, 
who  will  dedicate  the  labour  of  nearly  twenty  years  to  the  investigation  of  important 
truths.  If  Hallcy's  advanced  age  makes  us  think  with  greater  admiration  of  his  energy, 
it  was  no  less  fortunate  for  the  cause  of  science  that  Bradley's  life  was  sjwred,  as  well 
as  his,  for  the  full  attainment  of  so  great  an  undertaking. 

In  stating  the  result  of  the  first  year's  observations  at  Kew  on  y  Draconis,  Bradley 
says",  that  "  it  arrived  in  December  to  the  same  situation  it  was  in  at  that  time  twelve 
"  months,  allowing  for  the  difference  of  declination  on  account  of  the  precession  of  the 
"  equinox."    A  minute  excess  at  that  time  might  have  been  attributed  to  error  of 

»  P.  284.  ■  P.  3. 
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observation,  but  when  he  repeated  his  observations,  and  increased  at  Wansted  the 
number  of  stars  to  which  they  were  extended,  he  found  that  this  conclusion  required 
some  modification.  For  "  '  tlx  stars  near  the  equinoctial  colure  changed  their  de- 
"  clination  1  J"  or  2"  in  a  year  more  than  they  would  do  if  the  precession  was  only 

"  50"y,"  while  those  "  near  the  solstitial  colure  altered  their  declination  less  than 

"  they  ought,  if  the  precession"  was  precisely  of  that  quantity.  At  first  it  appeared  to 
him  that  the  variations  in  the  phenomena  might  not  be  produced  by  the  same  cause2, 
and  to  determine  the  effects  of  aberration,  he  was  obliged  to  content  himself  with  mak- 
ing allowance,  according  to  the  annual  difference  in  excess  or  defect,  which  his  observa- 
tions had  detected  in  the  motions  of  each  particular  star.  The  quantity  was  small,  but 
that  was  not  a  reason"  for  his  neglecting  it,  and  having  satisfied  himself  of  the  accuracyb 
of  his  instrument,  and  settled  the  laws  of  aberration,  he  continued  "  his  observations 
"  of  the  same  stars,  hoping  that,  by  a  regular  and  longer  series  of  them,  he  might  at 
"  length  be  enabled  to  discover  the  true  cause  of  such  apparent  inconsistencies.'" 

Bradley  continued  to  reside  chiefly  at  Wansted  till  May  1732*,  during  which  time 
he  found  the  effects  accumulate.  The  following  is  a  copy  of  a  memorandum  found  on 
a  loose  paper,  and  which  from  the  dates  on  it  was  probably  made  about  this  time : 

«4  9,5 
4  23,7 

14,2  Capella  has  gone  north  in  4  years. 

21,6  by  the  common  precession  it  ought  to  move. 

7,4  Capella  has  gone  south  in  4  years. 

1  33,3  y  Draconis  in  1731. 

2  3,3  7  Draconis  in  1727. 

4,0  y  Drac.  gone  4"  north  in  4  years. 
3,8  precession  ought  to  be  3",3  south. 

7.3  y  Draconis  gone  north  in  4  years. 

4  30,3  /3  Draconis  in  1727. 
4  24,3  0  Draconis  in  1731. 

6,0  £  Draconis  went  south  in  4  years. 
12,4;  the  precession  south. 

6.4  p  Draconis  gone  north  in  4  years." 


"  P.  10. 

>  For  calculating  his  first  tables  of  nutation, 
he  assumed  the  mean  quantity  of  precession  to 
be  I"  in  seventy-one  years  and  a  half,  (F.  28.) 
or  50",3  in  each  year ;  and  u  loose  paper  has 
been  found,  dated  May  1749,  on  which  he  says, 
"  the  motion  of  the  precession  is  not  precisely 
•«  known,  but  is  undoubtedly  more  than  50"  per 


"  ann.,  and  yet  not  so  much  as  some  moderns 
"  as  well  as  former  astronomers  have  made 
"  it,  who  reckon  it  after  the  rate  of  5  I"."  fie 
then  considered  it  as  amounting  to  1*  24'  in 
100  rears,  or  50,'4  annually. 

«  P.  10.  *  P.  18. 

«•  P.  22,  19.  c  P.  22. 
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A  vague  idea  of  nutation  was  familiar  to  the  minds  of  astronomers.  Newton  had 
even  shewn  that  there  must  be  a  very  small  semi-annual  nutation  depending  on  the 
sun ;  Flamsteedd  refers  to  such  an  effect,  and  in  1693  Roemer  had  detected  a  cer- 
tain variation  in  the  declination  of  the  stars  which  could  not  be  accounted  for  either 
by  refraction  or  parallax,  and  which  he  says,  "  e«ne  dubio  ad  vacillationem  aliquam 
"  poli  terrestris  referendain,  cujus  ine  verisimilem  dare  posse  theoriam  observationibus 
"  munitam  spero it  was  one  of  the  first  causes  which  occurred  to  Molyneux  and 
Bradley '  for  accounting  for  the  phenomena,  which  afterwards  were  found  to  be  produced 
by  aberration ;  and  the  same  steady  appeal  to  facts  which  proved  to  Bradley  that  it  was 
note  the  cause  of  the  greater  alteration  of  the  apparent  places  of  the  stars,  now  proved 
to  him  that  it  did  operate  to  produce  the  variation  in  it.  He  might  have  been  influenced 
in  extending  the  arc  of  his  instrument  so  as  to  take  in  Capella,  not  only  by  the  magni- 
tude of  the  star,  but  likewise  by  its  situation  in  the  opposite  part  of  the  heavens  to  y  and 
/3  Draconis.  We  find  him  accordingly  on  the  preceding  paper  contrasting  the  variations 
which  he  found  in  the  alteration  of  their  places ;  but  this,  after  all,  does  not  appear  to 
have  been  sufficiently  precise  for  him ;  he  therefore  again  compared  the  35th  Camclop. 
with  y  Draconis,  and  found  that  the  direction  in  the  difference  of  their  motions  was  per- 
fectly consistent  with  a  nutation  of  the  earth's  axis.  'Die  cause  which  produced  this 
nutation  did  not  escape  him.  In  1727h,  the  moon's  ascending  node  was  near  the  begin- 
ning of  Aries,  and  consequently  her  orbit  was  as  much  inclined  to  the  equator  as  it 
could  be.  At  that  lime  'the  stars  near  the  equinoctial  colure  changed  their  declination 
If  or  2"  in  a  year  more  than  they  would  have  done,  if  the  precession  was  only  SC". 
But  when  in  1732  the  motion  of  the  node  had  carried  it  back  towards  the  beginning 
of  Capricorn, k  the  phenomena  were  no  longer  the  same,  and  as  the  inclination  of  the  plane 
of  the  moon's  orbit  with  respect  to  the  equator  was  at  a  mean,  the  stars  near  the  equinoc- 
tial colure  now  changed  their  declination  no  more  than  the  mean  precession  required, 
while  some  of  those  near  the  solstitial  colure  altered  theirs  above  2"  in  a  year  less  than 
they  ought.  The  quantities  as  well  as  the  directions  of  this  motion  during  the  interme- 
diate time  all  agreed  with  the  effects  of  the  same  cause,  and  shewed  that  in  consequence 
of  the  moon's  action  en  the  spheroidal  figure  of  the  earth,  the  obliquity  of  the  ecliptic 
would  sometimes  exceed,  and  sometimes  fall  short  of  its  mean  quantity,  'according  to  the 
various  situations  of  the  nodes  of  the  moon's  orbit.  It  will  be  recollected  that  y  Draconis 
is  near  the  solstitial  colure,  and  this  position,  combined  with  that  of  the  moon's  node  at 
the  time  of  Bradley's  beginning  his  observations  has  been  cited m  among  the  circum- 
stances which  tended  to  facilitate  his  discoveries;  but  it  may  be  justly  doubted  whether 
this  was  really  so.  It  made  the  effects  of  nutation  more  apparent,  but  exactly  in  the  same 
proportion  it  increased  the  difficulty  of  determining  the  true  quantity  of  aberration. 

At  the  end  of  nine  years,  he  naturally  looked  forward  to  such  an  analogy  for  the 
remaining  half  of  the  revolution  of  the  moon's  node  as  would  confirm  his  hypothesis, 
which  encouraged  him  to  continue  his  observations.    He  simply  nmentions  this  period, 


'  Hist.  Cc*l.  prol.  p.  113.  Wallisii  Opera, 
vol.  111.  p.  706. 

e  Horrebovii  Opera,  vol.  III.  p.  65. 
1  P.  3.  «  P.  4.  "  P.  23. 


1  P.  10.  *  P.  24.  '  P.  23. 

■  Delambre,  Hist,  de  lAstr.  au  xriii.  siecle, 
n.  419. 
•  P.  25. 
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but  there  is  more  connected  with  the  epoch  than  would  be  suspected  from  barely  reading 
his  paper  on  nutation.  From  his  cautious  and  retiring  habits,  it  is  very  probable  that  he 
had  no  intention  of  giving  publicity  to  his  discovery  till  the  whole  eighteen  years  of 
observation  had  perfectly  established  the  truth  concerning  it;  but  Maupertuis,  when  he 
returned  from  Lapland,  consulted  him  on  the  quantities  which  had  been  allowed  for 
aberration  in  reducing  his  observations,  and  requested  Bradley  to  inform  him  whether 
he  had  himself  observed  t  and  a  Draconis0.  Neither  of  these  stars  was  within  the  range 
of  the  Wansted  sector;  but  he  was  too  liberal  to  meet  the  inquiry  with  a  repulsive 
answer;  and  we  find  him  therefore  consulting  Phis  friend  whether  it  would  not  be  right 
in  him  to  apprise  the  French  astronomers  of  the  other  irregularities,  which  he  had 
"  observed  in  the  situation  of  the  earth's  axis  to  the  plane  of  the  ecliptic,  and  of  the 
"  unequal  precession  of  the  equinoctial  points."  Now  this  was  in  1737,  ten  years  after 
the  sector  was  erected  at  Wansted,  and  in  his  letter  to  Maupertuis  hel  accordingly  com- 
municated a  clear  outline  of  what  he  had  observed,  with  the  results  of  his  half  period, 
and  stated  the  confirmation,  which  they  had  derived  from  the  observations  of  an  addi- 
tional year.  Maupertuis  acknowledged'  the  information  which  he  had  received  on  this 
point,  and  probably  was  the  first  to  give  a  public  notification  of  this  important  discovery. 
Le  Monnier  alludes  also  to  it*  in  a  memoir  on  the  height  of  the  pole  at  Paris:  to  this 
there  could  be  no  objection :  but  in  another  respect  he  was  guilty  of  a  very  unfair  return 
to  Bradley's  candour.  In  the  letter  to  Maupertuis'  there  was  an  invitation  to  use  the 
sector,  which  Graham  constructed  for  him,  in  making  observations  on  the  motions  of  the 
fixed  stars.  Le  Monnier  undertook  it,  and  found  them  conformable  to  what  Bradley's 
observations  had  determined.  These  results  he  sent  to  Greenwich" ;  and  if  he  had  done 
nothing  more,  all  would  have  been  well ;  but,  too  eager  in  putting  himself  forward,  he 
gave,  in  1745,  xhis  own  account  of  the  doctrine  of  nutation,  and  of  the  part  which  he 
had  taken  in  settling  the  question.  This  was  not  liandsomc,  after  the  freedom  J  of  com- 
munication which  he  had  enjoyed,  and  Bradley,  when  he  had  made  so  fine  a  discovery, 
and  had  pursued  the  inquiry  for  so  many  years,  ought  to  have  been  allowed  in  com- 
mon courtesy  (to  say  nothing  of  justice)  the  privilege  of  being  the  first  to  publish  the 
details  of  it  to  the  world1.  His  name,  however,  was  too  high  to  be  affected  by  such  a 
circumstance,  and  he  probably  paid  little  attention  to  it*.  He  continued  his  observations  as 
long  as  he  thought  right,  and  when  they  were  completed  he  drew  up  the  account  of  their 
results  in  a  letter  to  the  Earl  of  Macclesfield,  which  was  read  before  the  Royal  Society  on 
the  7th  and  14th  of  January  1748,  and  printed  in  the  XLVth  vol.  of  the  Phil.  Trans. 

0  p,  404— IOC.  r  P.  108.  '  The  view  which  La  faille  (see  P.  440)  took 

1  P.  409.  of  this  was  exactly  what  might  have  been  ex- 
'  Mem.  de  I' Ac.  K.  des  Sciences,  1 737,  p.    pectcd  from  a  man  of  right  feelings.  Le  Mon- 

411.    It  was  probably  this  circumstance  which  nier  was  rc;idy  to  accuse  La  C'aille  of  plagiarism 

led  De  Pouchy  to  speak  inaccurately  of  Brad-  for  having  introduced  into  his  tables  an  eijua- 

ley's  publishing  his  discovery  in  1737.   (Hut  lion  for  the  unequal  precession  of  the  equinoc- 

de  I' Ac.  1 762.  p.  238.  tial  point? .  (DeUtubre,  Hist.  del'Ast.  xviiisicclc 

*  Ibid.  1738,  p.  220.       «  P.  409,  410.  p.  209;)  but  La  Caille  himself,  instead  of  if. 

"  Mem.  de  I'Ac.  K.  des  Sciences,  1745,  p.  feeling  to  take  up  and  develope  Bradley's  ideas, 

522.  honestly  applies  to  him  for  the  information 

■  Ibid.  p.  512.  which  he  wanted  on  the  subject.    See  also 

I  See  P.  xliv.  434.  de  Hale's  letter,  p.  434.  •  See  P.  473. 
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bMachin  suggested,  in  the  course-  of  the  inquiry,  that  tables  representing  the  several 
effects  might  be  calculated,  by  supposing  that  the  moon's  attraction  caused  the  pole  of 
the  earth  to  dcscrilx>  a  small  circle  around  its  mean  place;  and  to  determine  the  magni- 
tude of  this  circle  was  one  tif  the  great  objects  of  Bradley's  inquiry.  The  diameter  at 
first  was  taken  as  equal  to  18" ;  but  Bradley  considered  that  there  would  lie  a  letter 
agreement  with  some  of  his  oWrvations,  if  the  curvee  was  supposed  to  lie  elliptical  with 
its  major  and  minor  axes  equal  to  18"  and  16".  He  seems  at  one  time  to  have  lx»en  in- 
clined to  a  larger  number  for  his  maximum,  and  there  is  a  paper  on  which  he  has  set 
down  the  results  of  a  number  of  observations,  and  at  the  bottom  of  it  he  says, 
Hence  y  Draconis  gives  the  greatest  nutation... 9",6 

and  (3  gives  the  greatest  9",45 

"  and  the  mean  of  both  will  be  about  9"£~ 

It  is  to  be  regretted  that  he  took  the  round  number  of  9",  instead  of  that  which  these 
calculations  pointed  out  to  him,  and  which  was  more  accurate.  Dr.  Maskelyne*1  says, 
that  he  framed  his  tables  "  from  a  scrupulous  calculation  of  all  Dr.  Bradley's  observations 
"  of  y  Draconis,  which  he  was  pleased  to  lend  me and  from  which  it  followed  "  that 
"  the  nutation  of  the  earth's  axis  is  performed  in  an  ellipse,  whose  greater  axis  lying  in  the 
"  solstitial  eolure  is  19",1  and  lesser  lying  in  the  equinoctial  colure  14",2C;  namely,  in 
"  proportion  to  one  another  as  the  cosine  of  the  obliquity  of  the  ecliptic  to  the  cosine  of 
"  double  the  obliquity,  as  given  by  theory."  But  the  theory  was  not  completely  made 
out  when  Bradley  wrote.  Newton  indeed  had  shewn  the  principles  on  which  it  de- 
pended, and  Machin's  suggestion  is  describedf  in  connection  with  his  having  been 
employed  on  the  theory  of  gravity ;  but  his  artifice  was  not  new  in  supposing  the  pole  of 
the  earth  to  revolve  about  its  mean  place,  and  Bradley,  though  no  mean  mathematician, 
found  it  necessary  to  invite  the  attention  of  those  to  the  problem,  who  had  devoted  their 
attention  more  especially  to  the  various  effects  of  the  power  of  gravitation.  In  this  he 
acted  wisely,  since  he  confined  himself  to  those  exertions  in  which  he  was  most  eminent, 
and  the  caJI,  which  he  made  on  others  for  their  assistance  in  promoting  the  search  after 
truth,  was  not  in  vain.  Dalemberts  answered  it  in  1749:  in  1752,  a  paper  on  the  subject 
was  communicated  to  the  Royal  Society  by  Silval>elle,  a  translation  of  which,  by  Dr. 
Bevis,  was  printed  in  the  48th  volume  of  the  Phil.  Trans. :  considerable  doubts  seem  to 
have  been  entertained  at  the  time  about  the  merits  of  this  solution,  but  we  are  indebted 
to  it  for  a  dissertation h  which  Thos.  Simpson,  in  consequence,  composed  on  the  subject — 

*  P.  25,  26.          c  P.  36.  *•  7  Draconis.  But  the  result  from  the  obscrra- 

Greenwich  Obs.  vol.  I.   Explanation  and  "  tions  of  y  Draconis  are  most  to  be  depended 

Use  of  tables,  p.  viii.  "  on."    The  Bishop  of  Cioyne,  from  378  ob- 

'  r  Ursae  was  one  of  those  stars,  (P.  36.)  the  serrations  which  he  mnde  on  ten  different  stars, 

observations  of  which  suggested  to  Bradley  that  (1808 — 1814,)  and  1240  more  which  he  made 

the  variations  would  be'better  represented  by  on  the  same  objects,  (1818 — 1820.)  found  the 

supposing  the   pole   to  move  in  an  ellipse  greatest  coefficient  of  the  nutation  for  the  obli- 

than  in  a  circle.  Dr.  Maskelyne  therefore  paid  quitv  of  the  ecliptic  to  be  9",25.  (Phil.  ~ 

particular  attention  to  if,  and  savs,  "  from  a  1 82 1,  p.  347  ) 

"  like  examination  of  his  observation*  of  ,  Ursa  '  P.  25. 


"  Majoris.  I  found  the  lesser  axis  of  the  ellipsis       I  Ke.-hercl.es  sur  la  precession  des  equ 

<T,1  less  than 


i  to  be  14,1.  or  only  0",1  less  than    et  stir  la  nutation  de  laxe  dc  la  terre. 
"  what  it  should  be  from  the  observations  of      h  Phil.  Trans,  vol.  L.  p.  416.  Simpson's  Mis- 
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"  qui  nullum  quod  tctigit  non  ornavit."  Euler  and  many  other  mathematicians,  both 
foreigners  and  of  our  country,  have  applied  themselves  to  this  recondite  problem,  but 
the  enumeration  of  their  respective  labours  would  lead  us  too  far  from  our  immediate 
subject. 

The  quantity  having  been  fixed  upon  for  the  radius  of  nutation,  Bradley's  next  care 
was  to  examine  the  truth  of  it  by  very  extensive  calculations.  He  seems  to  have  had 
a  double  object  in  the  stars  which  he  selected  for  this  purpeme  from  his  oliscrvation  book; 
and  it  will  be  seen  by  the  following  arrangement  of  them,  with  the  right  ascensions 
annexed  to  each,  that  they  were  not  only  taken  from  different  parts  of  the  heavens,  but 
were  so  situated  as  to  admit  in  several  instances  of  being  formed  into  pairs,  which  con- 
sisted of  stars  nearly  in  opposition  to  each  other.    Thev  were 

«  Cass.     6*  Capella  74'         85  Camelop".  86"  y  Vnw  175' 

t  Ursa-  191  0  Drac.  261  y  Drac.      2(W  /3  Cass.  359 

To  these  were  added  t  Persei  :J9%  a  Pcrsei  46",  and  %  Ursa?  20*",  which  do  not  group  so 
well  with  one  another,  but  yet  were  so  far  apart  as  to  make  the  identity  of  direction  from 
nutation  very  apparent  in  them.  It  may  be  seen'  that  he  reduced  almost  all  the  observa- 
tions which  he  had  of  these  eleven  stars,  and  that  when  he  allowed  for  the  effects  of 
aberration  and  nutation,  the  alterations  produced  by  the  mean  quantity  of  precession 
brought  their  places  all  very  nearly  back  to  what  they  were  at  the  epochs  from  which 
he  sat  out.  These  must,  to  a  certain  extent,  be  deficient  in  the  accuracy,  which 
might  now  be  given  to  similar  reductions  by  the  improvement*  in  astronomical  tables, 
and  the  stricter  investigation  even  of  his  own  discoveries.  He  calculated  his  nutation 
from  a  circular  instead  of  an  elliptical  motion  in  the  pole,  and  the  maximum  was  rather 
too  small.  He  diminished  his  maximum1"  of  aberration,  when  he  really  was  nearer  the 
truth  in  the  quantity  which  he  had  originally  taken.  As  his  stars  passed  near  the 
zenith,  and  he  did  not  want  their  absolute  places,  he  paid  no  attention  to  the  minute 
effects  of  refraction.  He  likewise  made  no  allowance  for  a  solar  nutation  :  "  motus  iste 
"  nutandi  perexiguus  esse  debet  et  vix  aut  ne  vix  quidem  sensibilis':"  it  was  a  quan- 
tity too  small  to  be  determined,  in  the  first  instance,  by  observation,  and  its  amount 
was  therefore  unknown  to  him.  All  these  circumstances  will  require  some  allowance  to 
Ik-  made  for  occasional  differences,  which  they  may  either  create  or  increase  in  parti- 
cular instances,  from  the  mean  quantities.  Still,  however,  it  was  thought  right  to  print 
the  whole m,  not  only  as  a  monument  of  his  industry,  but  to  enable  any  one  to  sec  how 
he  arrived  at  his  several  conclusions. 

In  making  these  reductions  it  will  be  seen  that  he  took  the  distance  of  the  star's  right 
ascension  from  the  place  of  the  moon's  ascending  node,  which  he  entered  in  a  column 
which  he  called  "  the  argument  of  nutation,"  and  9"  x  sine  of  this  quantity  gave  him  the 
number  which  he  entered  in  the  column  44  nutation."  The  sun's  place  being  found  at 
the  time  when  the  particular  star  had  no  aberration  in  declination,  the  distance  of  it 
from  the  sun's11  equated  place  at  the  time  of  the  observation,  gave  the  quantity  which 


rellaneous  Tracts,  p.  I.  Walmeslev  paper  on  '  P.  302—338.  k  P.  20. 

the  precession  in  the  Phil.  Trans.  1755.  vol.  1  Principia.  lib.  III.  prop.  II. 

XLIX.  p.  700.  was  transmitted  to  the  Komi  -  P.  302—338. 

Society  through  Bradley,  P.  498.  -  P.  290. 
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he  entered  in  the  column  of  "  argument  of  aberration :*  and  to  find  the  aberration  for 
each  observation,  he  multiplied  the  maximum  by  the  sine"  of  this  quantity. 

Bradley,  like  Newton,  did  not "  deal  in  conjectures,"  he  remembered  that  no  physical 
causes  were  to  be  admitted,  unless  "  et  vers  sint  et  phsenoroenis  explicandis  sufficianu'" 
In  the  same  manner  therefore  as  he  shewed  the  truth  of  his  doctrine  of  aberration  by 
the  application  of  it  to  particular  instances,  he  gave  a  number  of  examples  in  his  paper 
on  nutation!',  in  which  he  shewed  the  existence  of  a  motion  corresponding  with  that 
which  would  be  produced  by  the  cause  which  he  suggested.  These  he  took  from  his 
observations  of  y  Draconis,  35  Camel.,  «  Cass.,  t  and  a  Persei,  and  ij  Ursa;  Majoris,  and  it 
appears  that  he  calculated  them  all  over  again  for  this  purpose.  There  are  two  rough 
copies  at  Oxford  of  the  paper  on  nutation  %  but  these  tables  are  not  inserted  in  either 
of  them :  there  are  however  a  number  of  papers,  from  which  it  appears  that  he  varied  at 
different  times  both  the  particular  observations  which  he  selected  of  each  star,  and  the 
degree  of  precision  with  which  he  should  give  the  results.  He  had  calculated  the  preces- 
sion, aberration,  and  nutation,  at  one  time,  to  hundredth  of  seconds,  to  which  he  had 
added  the  date,  which  arc  contained  in  the  four  last  columns  of  his  more  extensive 
reductions;  but  the  size  of  the  page,  on  which  the  Philosophical  Transactions  were  then 
printed,  could  not  have  conveniently  taken  in  so  much,  and  he  probably  thought  it  use- 
less to  give  his  quantities  with  this  degree  of  minuteness.  From  a  wish  likewise  to 
abridge  the  extent  of  what  he  was  printing,  he  omits  the  particular  considerations  of 
/3  Drac.  and  0  Cass. ;  but  there  was  no  exaggeration  in  the  account  which  he  gives  of  the 
extent  and  results  of  these  as  well  as  of  the  rest  of  his  stars ;  he  mentions  having  com- 
pared '  "  above  800"  of  y  Draconis  with  his  hypothesis,  and  it  will  be  found  that  he  cal- 
culated 314;  he  mentions  "about  250"  of  /3  Draconis,  and  there  will  be  found  247;  and 
in  the  same  manner  die  facts  in  each  case  will  strictly  bear  out  his  assertions  respecting 
them.  There  were  some  irregularities  in  y  and  *  Ureas  Majoris,  so  that  he  could  not 
argue  from  them :  he  makes  no  reference  also  to  Capella ;  for  it  may  be  seen  that  some  of 
the  results8  for  this  star  differ  widely  from  the  mean,  and  its  distance  front  the  zenith 
at  the  extremity  of  the  range  of  the  sector  may  have  made  him  suspicious  of  hit  observa- 
tions of  it.  From  the  other  stars  his  conclusions  come  out  as  near  as,  under  all  the  cir- 
cumstances of  the  case,  could  possibly  have  been  expected';  much  nearer  certainly 
than  could  have  been  found,  but  for  Bradley's  most  extraordinary  talents  for  observa- 
tion". 

•  P.  297.  »  P.  31-36.  sector,  in  the  construction  of  which  Graham 
q  The  more  generic  term  of  deviation  was    derived  hints  from  what  might  have  been  ob- 

sometimes  used,  which  was  probably  adopted  jected  to  in  that  which  he  made  for  Wansted 
by  Bradley  before  he  had  satisfied  himself  of  1'.  xxvii.) .  he  hail  likewise  all  the  advantages  of 
the  true  cause  of  the  motion.— La  Caillc  re-  the  information  which  Bradley  communicated 
tawed  it,  P.  457,  and  Maskelyne  used  it  in  a  to  him,  and  yet  he  got  only  to  a  loose  estimate 
confined  sense.  Kxpl.  of  Table*,  p.  iii.  of  the  maximum  of  nutation.  Sec  Mem.  de  VAc. 

•  P.  31.  R.  des  Sciences  1745,  p.  522. 

'  It  U  hardly  necessary  to  point  out  that  ■  When  La  Caille  went  to  the  Cape  of  Good 
1  1) 2,6  in  the  last  line  of  P.  320  is  a  press  error  Hope,  he  endeavoured  to  make  arrangements 
for  I  G2,6.  for  simultaneous  observations  to  be  made  in  Eu- 

«  Lemonnier,  who  affected  to  connect  him-  rope,  which,  compared  with  his,  might  give  the 
self  with  Bradley's  particular  pursuits,  had  a    means  of  ascertaining  the  parallax  of  the  sun 
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That  the  moon,  in  its  successive  revolutions  round  the  earth,  must  have  a  difference 
in  declination  produced  by  the  retrogradation  of  the  node,  was  sufficiently  evident;  but  no 
ooe  had  considered  the  varying  effects,  which  this  would  have  on  the  position  of  the 
earth's  axis  till  Bradley  detected  the  fact,  and  explained  its  cause.  He  was  not,  how. 
ever,  aware  of  the  excellence  of  his  own  observations,  nor  did  he  feel  confident  that,  in  a 
single  revolution  of  the  node,  they  could  have  brought  him  so  very  near  the  truth  as  was 
deduced  from  them  by  Dr.  Maskelyne's  scrupulous  examination.  He  knew,  likewise, 
that  be  was  not  in  possession  of  those  particulars  of  the  theory  by  which  exact  conclu- 
sions were  to  be  obtained.  He  satisfied  himself,  therefore,  with  establishing  the  general 
truths,  and  was  contented  with  pointing  out  the  great  use1  which  might  be  made  of 
them,  when  the  exact  quantities  should  be  more  precisely  determined,  by  which  these 
;  the  relative  situations  of  particular  stars.  His  hesitation  likewise  was  in- 
by  the  motions  which  he  found  proper  and  peculiar  to  many  stars.  He  mentions 
the  instance  of  Arcturusr,  and  there  are  many  loose  papers  on  which  wc  find  him  to 
have  worked  in  comparing  the  places  of  this  and  other  fixed  stars,  as  they  were  dcter- 
frotn  the  observations  of  Tycho  or  Flamsteed,  as  well  as  from  his  own.  He 
the  difficulty  in  determining  whether  this  effect  may  be  produced  by  an  actual 
motion  in  the  stars  or  in  our  own  system,  a  subject  which  was  afterwards  more  fully  dis- 
cussed by  Sir  W.  Herschell*;  but  it  is  probable  that  both  must  be  combined,  which 
increases  the  difficulty  of  the  problem ;  and  such  a  complication  will  require  a  very  long 
series  of  observations  to  allow  of  any  determination  of  the  relative  quantities  of  motion, 
which  must  be  apportioned  to  each  particular  body. 

As  soon  as  the  paper  had  reached  the  continent  in  the  summer  of  1748,  La  Caille  bor- 
rowed* CassinTs  copy,  and  madeb  a  translation  of  it,  from  which  he  read  extracts  at  a  meet- 
ing of  the  Royal  Academy  of  Sciences.  These  he  likewise  published  in  the  Journal  de 
Trevoux6,  with  an  account  of  the  manner  in  which  the  effect  of  nutation  was  to  be  cal- 
culated. Lalandc  mentions  an  oversight  which  had  been  committed  in  drawing  up  this 
communication ;  but  the  very  haste  by  which  it  was  probably  occasioned,  shews  the  zeal 
with  which  Bradley's  account  of  his  discovery  was  received  by  those,  who  were  best  able 
to  make  a  right  estimate  of  it. 

When  the  discovery  of  aberration  had  been  communicated  to  the  Royal  Society,  they 
were  not  contented  with  the  thanks  which  were  of  course  voted  for  it,  but  in  a  council 
held  oo  the  14th  of  Dec.  1730,  "  da  question  was  proposed  whether  a  compliment  shall 

and  moon,  (P.  161.)  De  l  isle  apprised  Bradley  taken  out  the  difference  of  zenith  distance  be- 

of  these  particulars,  and  requested  him  to  send  tween  Alcore  and  J  Vnm  Ma),  on  those  nights, 

him  what  observations  he  had  been  able  to  make,  between  1728  and  1732,  oo  which  he  had  ob- 

that  they  might  be  added  to  those  which  had  been  nerved  them  both:  this  may  hare  been  to  dis- 

supplied  by  the  astronomers  of  Sweden,  France,  cover  if  there  was  any  proper  motion  which 

and  Italy.    When  de  lisle  afterwards  made  was  apparent  in  either,  or  it  may  have  been 

sary  calculation,  he  acknowledges  that  with  reference  to  a  suggestion  of  Wallis,  in  a 

,  the  mean  came  out  nearly  the  same  curious  paper  on  parallax  which  was  printed  in 

I,  yet  he  did  not  find  the  different  ob-  the  Phil.  Trans,  vol.  XVII.  n.  844. 
ni  of  other  astronomers  to  agree  so  well       *  Phil.  Trans,  vol.  I. XXIII.  p.  247. 


among  themselves  as  Bradley's,  (P.  481.)  ■  P.  457.  b  P.  444. 

■  P.  40.  <  Nov.  1748.  Sec  Lalande  Bibliographic  Ast. 

.  435.  See  also  de  lisle,  p.  457. 


t  P.  39.  There  is  a  paper  on  which  he  has  p. 
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'•  be  paid  or  not  to  the  Rev.  James  Bradley,  in  discharging  him  from  future  payments, 
"  and  in  giving  him  liberty  to  take  up  his  bond  gratis,  in  consideration  of  his  useful  and 
"  curious  discoveries  and  inventions  in  astronomy,  which  redounded  greatly  to  the 
"  honour  of  the  society — which  being  put  to  the  ballot  passed  nern.  contr.  in  the  affirm- 
"  ative."  This,  at  the  time  when  it  was  voted,  was  the  most  advantageous  way  to 
Bradley,  in  which  the  society  could  have  distinguished  him ;  but  in  1748,  when  he  was 
above  the  world,  there  was  equal  consideration  and  right  feeling  in  giving  him  the 
Copley  medal  for  his  paper  on  nutation'.  His  early  friend,  Martin  Foulkes,  was  now 
President,  who  had  introduced'  the  practice  of  delivering  an  appropriate  discourse  on  the 
presentation  of  this  highest  mark,  which  the  society  then  had  to  l>cstow,  of  its  gratitude 
and  approbation.  There  were  ample  topics  for  him  on  this  cx-casion ;  those,  however, 
which  he  used  of  a  public  nature,  add  nothing  to  the  facts  with  which  we  are  already 
acquainted.  Sir  Hans  Sloane  presided  when  the  council,  in  1730,  cancelled  the  bond, 
and  it  is  mentioned  that,  as  the  last  surviving  executor  of  Sir  Godfrey  Copley,  he  had 
the  pleasure  of  assigning,  at  the  President's  suggestion,  the  medal  on  this  occasion  to  the 
author  of  the  paper  on  nutation.  The  distinction  must  have  Ijeen  a  subject  of  great  gra- 
tification to  Bradley,  and  it  is  with  some  regret  that  we  find  he  was  unable  to  receive 
the  honour  in  person.  His  business  in  Oxford  prevented  his  being  at  the  meeting  on 
St.  Andrew's  day,  when  the  presentation  took  place. 

Bradley  may  easily  be  conceived  to  have  had  a  very  intimate  connection  with  the 
Royal  Society,  and  there  can  be  no  doubt  of  his  having  been  esteemed  in  it  as  he  de- 
served ;  and  yet  the  commonly  received  account  is  rather  at  variance  with  such  an  idea. 
It  is  saidK,  "  he  was  elected  member  of  the  Royal  Society  and  one  of  the  council,  Jan. 
"  25, 1752,  in  the  room  of  Dr.  Cromwell  Mortimer.'"  From  this,  it  has  sometimes  been 
understood  that  he  was  not  even  a  fellow  before  that  time,  and  M.  Delambre  expresses h 
the  astonishment  which  must  necessarily  have  been  felt  if  this  fact  had  been  true ;  but  it 
is  no  more  so  than  the  impression,  which  the  latter  part  of  the  sentence  is  calculated  to 
give  us,  of  his  having  been  elected  for  the  first  time  into  the  council  on  the  day  which  is 
there  stated.    On  the  contrary,  he  was  selected  for  that  honour  in  1725,  1726,  1728, 


"»  Minutes  of  the  council  of  the  Roval  So-  "  Hint,  de  lAst.  an.  xviii  sieclc  p.  421.  All 

ciety.  the  papers  from  1723  to  17-18.  which  Bradley 

•  When  the  paper  was  read,  the  vote  of  printed  in  the  Philosophical  Transactions,  will 

thanks   was   not  worded   in    the  common  be  found  to  have  F.  R.S.  annexed  to  his  name; 


formal  manner.    They  were  offered  to  Lord  but  thus  may  easily  have  escaped  M.  Delum- 

Macclesfield,  who  had  communicated  the  paper,  bre's  notice.    He  was  orerhasty,  however,  not 

and  tbey  "  were  likewise  ordered  to  Dr.  Brad-  only  in  blaming  the  society  for  their  supposed 

"  ley,  for  his  great  pains  and  unwearied  dili-  neglect  of  Bradley,  but  also  for  what  he  says  on 

"  gence  in  carrying  on,  through  a  course  of  so  the  same  subject  with  respect  to  La  Caille.  After 

"  many  vears,  so  noble  a  series  of  the  mu*i  an  enumeration  of  the  academies  of  which  he 

"accurate  observations;  which,  joined  to  his  wits  a  member,  (p.  504.)  it  is  added,  that  no 

"  great  knowledge  and  r.agacity,  have  enabled  notice  was  anywhere  found  of  his  having  been 

*'  nini  to  make  such  discoveries  as  will  be  a  of  the  Royal  Society  of  London.    Now  the 

"  lasting  honour  to  himself,  to  his  country,  and  fact  is,  that  his  certificate  was  sent  over  from 


the  present  age."  Paris  in  1759,  signed  by  La  Condamine,  Clai- 

'  Kippis  s  Life  of  Sir  J.  Pringte,  prefixed  to  raut,  and  Doutours  de  Mairan ;  it  was  read  on 
his  Six  Discourses,  p.xxxri.  the  21st  of  June,  and  be  was  elected  on  the 


«  Sup.  to  the  Biog.  Diet.  p.  57.  1 7th  of  January  1 760. 
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1730,  1742;  and  it  was  after  having  thus  repeatedly  nerved  the  office,  that  his  name 
was  again  put  forward,  on  Dr.  Mortimers  death,  in  Jan.  1752.  The  majority  like- 
wise did  not  betray  any  feeling  of  neglect  for  him,  since  the  votes  were,  for  Dr.  James 
Bradley  95,  for  Dr.  James  Parsons  7,  and  for  Jos.  Andrews,  esq.  1. 

It  was  not,  however,  among  his  own  countrymen  alone  that  Bradley  was  esteemed 
and  honoured.  His  merits  were  acknowledged  also  by  foreigners.  Euler  himself  wrote  , 
in  July  1746k,  to  announce  that  he  had  been  received  a  member  of  the  Royal  Academy 
of  Berlin.  In  July  17*8,  be  became  one  of  the  foreign  associates  of  the  Royal  Academy 
of  Sciences  at  Paris.  The  correspondence  in  this  volume  contains  the  congratulations 
of  Grucbow 1  and  of  La  Caille  m  upon  that  occasion,  as  well  as  the  letter  which  Bradley 
wrote  himself  in  French  »  to  the  Couite  de  Maurepas,  to  acknowledge  the  honour  which 
had  been  done  him.  In  1750°  he  became  a  corresponding  member  of  the  Imperial  Aca- 
demy of  Sciences  at  St.  Petersburg!),  and  had  the  opportunity  of  rendering  material 
service  to  that  learned  body  by  superintending  the  quadrant  which  Bird  made  for  them 
in  1752P.  This  may  have  added  to  the  inducements,  derived  from  his  reputation,  in 
procuring  him  the  honour  of  being  admitted  as  one  of  their  members  in  1754*1  j  and  in 
June  1757  he  was  chosen  a  member  of  the  Institute  of  Bologna '.  There  was  no  scien- 
tific society  in  Europe,  as  De  Fouchy  remarks,  which  was  not  proud  of  attaching  him 
to  its  establishment  But  amidst  all  these  distinctions,  wide  as  the  range  of  modern 
science,  and  permanent  as  its  history,  there  was  one  which  probably  came  nearer  to  his 
heart,  and  was  still  more  gratifying  to  his  feelings,  than  all  the  long  list  which  we  have 
enumerated.  Lowth,  (afterwards  Bishop  of  London,)  a  popular  man,  an  elegant  scho- 
lar, and  possessed  of  considerable  eloquence,  had,  in  1751,  to  make  his  last  speech  in  the 
Theatre  at  Oxford,  as  Professor  of  Poetry.  In  recording  the  benefits  for  which  the  univer- 
sity was  indebted  to  its  benefactors,  he  mentioned  the  names  of  those  whom  Sir  Henry  Sa- 
vile's  foundation  had  established  there :  "  Qui  viri  Academici !  quanta  in  Mathesi  nomina ! 
"  Savilio  debemus  Briggium,  Wallisium,  Halleium ;  eidem  Savilio  Greavium,  Wardum, 
"  Wrennum,  Gregorium,  Keiluro,  ne  nominem,  quern  posteri  nunquam  tacebunt 
Bradley  was  himself  present :  there  was  no  one  in  the  crowded  assembly  on  whom  the 
allusion  was  lost,  or  who  did  not  feel  the  truth  and  justice  of  it :  all  eyes  were  turned  to 
him,  while  the  walls  rung  with  shouts  of  heartfelt  affection  and  admiration : — it  was  like 
the  triumph  of  Themistocles  at  the  Olympic  games.  ( 

'  To  C  Wetstein.  Journals  of  the  Royal  So-  i  Hist,  de  1' Acad.  Roy.  dea  Sciences,  1762, 

ciety,  Oct.  23,  1 746.  p.  241.  Supp.  to  Biog.  Diet.  p.  57. 

*  This  by  mistake  has  been  said  to  have  1  Ibid.    Ibid,  in  the  Supp.  where  the  name 
taken  place  in  1747.    Hist,  de  l'Acad.  R.  dea  of  the  place  by  mistake  is  printed  Ilulogne. 
Sciences,  1762,  p.  240.  ■  See  the  Creweian  oration,  printed  at  the 

I  P.  45 1 .  «n  P.  454.  end  of  Lowth  de  Sacra  Poesi  Pnelectiones,  4to. 

"P.455.  "P.465.  1753,  p.  363. 

*  P.  466.  476. 


Digitized  by  Google 


lxxii 


MEMOIRS  OF  BRADLEY. 


CHAP.  IX. 

Instruments  provided  for  the  Observatory  at  Greenwich  in  1725— Grant  to  Bradley  for  new 
one*  in  — The  zenith  sector — Quadrants — Transit — Short's  telescope — Openings  in  the 
building  for  observation,  and  other  arrangements. 

IT  has  been  already  mentioned 1  that  Halley  owed  bin  appointment  as  Astronomer 
Royal  principally  to  the  good  offices  of  Lord  Chancellor  Macclesfield,  and  he  acknow- 
ledges the  gratitude  which  he  owed  to  him  in  the  dedication  of  the  30th  vol.  of  the  Phil. 
Trans.,  published  in  1720.  Science  is  likewise  indebted  to  this  same  nobleman  for 
the  Greenwich  observatory's  being  first  furnished  with  instruments  as  a  public  founda- 
tion. There  is,  among  the  papers  of  the  late  Dr.  Hornsby  at  Oxford,  a  manuscript  life 
of  Halley  and  there  are  some  circumstances  which  seem  to  indicate  that  it  was  drawn 
up  by  Israel  Lyons,  for  the  collection  which  it  is  well  known  that  he  once  intended 
to  make  of  that  great  man's  most  numerous  publications.  It  mentions,  that  Lord 
Macclesfield's  recommendation  to  the  office  was  sup]K»rted  by  that  of  the  Earl  of  Sun- 
derland, who  was  secretary  of  state,  and  that  the  instruments  for  the  observatory  were 
procured  by  means  of  "  a  sum  of  money  obtained  from  his  majesty's  treasury  for  that 
"  purpose,  chiefly  through  the  favour  and  assistance  of  the  noble  lord  first  men- 
"  tioned,  and  who  was  pleased  to  add  to  his  other  great  qualifications  that  of  being  the 
"  greatest  promoter  of  science  and  patron  of  men  of  learning  of  his  time." 

From  the  minutes  of  the  council  of  the  Royal  Society  it  appears,  that  on  the  12th  of 
May,  1726,  Halley  reported,  that  the  money  advanced  by  the  treasury  had  been  ex- 
pended, and  that  more  was  required ;  on  which  a  committee,  consisting  of  B.  Taylor, 
Stukeley,  Halley,  Graham,  and  Foulkes,  were  appointed  to  examine  what  had  been 
done. 

On  the  26lh  of  the  same  month  it  was  stated,  that  the  committee  had  been  on  the 
preceding  Monday  at  Greenwich,  had  seen  the  instruments  and  the  vouchers  for  the 
money  which  had  been  expended ;  and  the  following  report  was  then  submitted  to  the 
council : 

"  1st.  As  to  the  state  of  the  observatory. 

"  That  all  the  instruments  now  lodged  or  erected  in  the  royal  observatory,  and  be- 
"  longing  to  it,  were  procured  by  the  present  professor.  Those  which  were  used  by  his 
"  predecessor  being  carried  off  and  claimed  by  his  executors. 

"  That  there  is  a  room  adjoining  to  the  west  end  of  the  house  newly  erected,  which 
m  serves  as  an  observatory  for  taking  the  transits  of  objects  on  the  meridian :  it  being 
"  furnished  with  a  curious  telescopic  instrument,  of  five  feet  radius,  fitted  to  an  axis, 
"  and  adjusted  with  screws  to  revolve  in  the  plane  of  the  meridian,  and  a  plain  week 
"  clock  standing  by  it  for  making  the  observations. 

"  That  the  great  room  in  the  observatory  is  furnished  with  a  plain  month  clock  and 
"  three  very  good  telescopes,  one  of  nine  feet,  another  of  sixteen,  and  a  third  of  twenty- 
"  four  feet  in  length,  and  also  two  very  good  micrometers  of  different  forms. 

"  That  in  the  garden,  from  off  the  south-east  corner  of  the  house,  there  is  erected 

'  P.  xlrii. 
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"  another  building,  being  a  room  designed  to  hold  two  large  mural  quadrants,  of  eight 
"  feet  radius,  for  observing  the  meridional  altitudes  of  objects;  one  of  which  quadrants 
"  is  to  command  that  part  of  the  meridian  which  lies  to  the  south,  and  the  other  that 
"  part  which  lies  to  the  north.  And  in  the  middle  of  the  said  room  is  erected  a  firm 
"  stone  wall,  lying  north  and  south,  being  11  feet  high,  9  feet  long,  and  2  feet  thick, 
"  consisting  of  nine  large  stones  cemented.  To  the  east  face  of  which  wall  is  affixed  the 
"  large  quadrant,  which  is  taking  the  observations  to  the  south,  being  entirely  finished 
"  and  fitted  up  for  use". 

"  That  they  are  informed,  the  materials  for  making  the  other  quadrant  are  procured, 
"  and  many  of  its  parts  formed;  as  the  brass  limb,  the  iron  bars,  and  the  tube  for  the 
"  telescope,  with  some  others. 

"  «dly,  Next  as  to  the  bills  and  vouchers  for  the  monies  expended  in  making  these 
"  works  and  instruments. 

"  The  said  report  sets  forth  that  they  have  examined  the  several  particulars  in  the 
"  said  bills,  which,  in  the  total,  amount  to  the  sum  of  435/.  10*.  4d. ;  and  have  had  the 
"  opinion  of  able  judges,  that  the  several  particulars  are  reasonably  rated,  and  are  fully 
"  persuaded  that  the  several  sums  have  been  truly  laid  out  with  great  frugality  and 
"  good  husbandry. 

"  That  it  appears  by  the  vouchers  produced  to  them,  that  out  of  the  sum  of  5002., 
"  which  was  issued  from  the  treasury  for  fitting  up  his  majesty's  observatory  at  Green- 
"  wich,  the  sum  of  40/.  was  paid  for  taxes  and  fees ;  so  that  there  remains  only  the  sum 
"  of  24/.  9*.  8d.  balance  in  the  hands  of  his  majesty's  observer. 

"  Sdly,  They  offer  it  as  their  opinion  that  the  observatory  cannot  be  accounted  suffi- 
"  ciently  furnished  with  instruments  for  serving  all  the  purposes  required,  unless  there 
"  be  one  large  and  substantial  instrument,  which  is  not  confined  to  the  plane  of  the 
"  meridian,  but  fitted  for  making  observations  in  any  other  vertical ;  for  the  want  of 
"  which,  the  Professor  is  at  present  obliged  to  make  use  of  one  which  belongs  to  this 
"  society. 

"  They  further  say,  that  they  have  formed  a  calculation,  as  near  as  they  are  able,  of 
"  the  expenses  requisite  for  finishing  the  quadrant  already  begun,  and  also  of  the 
"  charges  of  an  instrument  of  suitable  bigness  to  make  observations  out  of  the  racri- 
"  dian ;  and  in  the  whole  are  of  opinion  that  the  expense  will  amount  to  the  sum  of 
"  200/.  more  Uian  the  balance  now  remaining." 

This  report  having  been  adopted,  Mr.  Conduit  was  commissioned  to  wait  on  the  duke 
of  Argyle,  as  master-general  of  the  ordnance,  in  hopes  of  inducing  him  to  interest  him- 
self in  obtaining  the  further  funds  which  were  required ;  but  none  were  granted :  and  it 
was  not  till  1748,  that  the  means  were  procured  of  completing  the  establishment  of  in- 
struments. Bradley  having  found  that  all  his  attempts  were  vain  to  go  on  with  those 
already  in  the  observatory,  represented  the  state  of  them  to  the  members  of  the  Royal 
Society,  who  attended  as  x visitors  in  the  summer  of  that  year;  and  in  the  following 
August,  the  council T  took  into  consideration  a  petition  to  the  lords  of  the  admiralty, 
which  he  had  drawn  up  on  the  subject.    It  was  signed  by  himself,  and  having  been 

"  The  position  of  tbe  instruments  shews       1  Hist,  de  I' Ac.  Roy.  des  Sciences  1762.  p. 

the  impossibility  of  the  transit  and  altitude  of  239. 

the  same  object  being  taken  with  them  by  the  J  Minutes  of  tbe  Council  of  the  Royal  So- 
same  observer.    SeeP.li.  ciety. 
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approved  of,  was  also  signed  by  the  President  and  the  rest  of  the  members  of  the 
council  then  present.  Some  alterations  having  been  made,  it  was  not  presented  before 
October;  and  on  the  9th  of  November,  the  President  acquainted  the  council  that  he 
and  Dr.  Bradley  "  had  attended  the  lords  of  the  admiralty,  and  that  their  lordships  had 
"  promised  their  assistance  in  forwarding  the  petition."  There  was  a  schedule  annexed  to 
it,  containing  a  list  of  what  was  considered  to  be  necessary  for  completing  the  observa- 
tory, and  an  account  of  the  sum  required  for  that  purpose,  which  was  estimated  at  1000/. 
This  was  immediately  granted  by  King  George  the  Second,  and  the  money  was  directed, 
by  an  order  under  the  sign  manual,  to  be  paid  to  Dr.  Bradley  *,  in  order  to  repair  the 
old  instruments  of  the  observatory,  and  to  provide  the  new  ones  which  were  required.  In 
the  original  estimates,  100/.  were  reserved  for  the  former  purpose ;  but  as  it  will  be  much 
more  satisfactory  to  see  how  the  money  was  actually  laid  out,  than  how  it  was  intended 
to  be  disposed  of,  the  following  particulars  are  copied  from  the  statement  which  was 


afterwards  given  in  to  the  council  of  the  Royal  Society.  £.  ».  <'• 

17«,  Dec.  8.   By  Mr.  Sissons  bill  for  altering  the  transit    19    8  0 

—  Aug.  10.   By  a  pair  of  globes  of  Mr.  Sencx   8    9  0 

  Feb.  9.   By  Mr.  Graham's  bill  for  a  pendulum    15  13  0 

1744,  Jan.  3.   By  Mr.  Graham  for  a  pendulum    10    0  0 

1745,  Oct.  1.   By  a  micrometer  for  the  mural  quadrant,  by  Mr.  Sisson   "3    3  6 

1746,  Feb.  11.  By  an  apparatus  for  trying  the  line  of  collimatiou,  by  Mr.  Bird  2  12  6 
  May  29.   By  an  arch  for  the  transit  instrument,  by  Mr.  Bird   8  13  0 

1747,  July  9.   By  a  lcrel  by  Mr.  Bird   Ill  6 

1748,  Oct.  12.   By  alterations  in  the  transit  instrument,  &c.  by  Mr.  Bird   5  15  6 

1743—1748.      By  alterations  made  in  the  quadrant  and  transit  rooms  by 

smiths  and  carpenters,  their  bill    10    0  0 

By  glasses  and  a  perspective  of  Mr.  Mann    3  18  0 

By  a  chamber-alarum  by  Mr.  Graham   3    3  0 

By  a  parallactic  sector  12£  feet  radius   45    0  0 

By  a  diurnal  sector,  with  a  telescope  of  30  inches    35    0  0 

By  an  apparatus  for  frequently  observing  the  variation  and  in- 
clination, or  dip  of  the  magnetic  needle    20    0  0 

By  a  15  feet  refracting  telescope  and  a  micrometer   20    0  0 

By  a  clock  p'  Mr.  Graham   39    0  0 

By  a  brass  mural  quadrant  by  Mr.  Bird   300    0  0 

By  a  moveable  quadrant  p' ditto   200    0  0 

By  a  transit  instrument  ditto  ,  73  13  6 

By  a  20  feet  refracting  telescope  pr  ditto   7  10  0 

By  a  barometer  p' ditto   2  12  6 

By  a  thermometer  p'  ditto   1  15  0 

By  alterations  to  the  old  mural  quadrant  p'  ditto   32  10  0 

By  fees  at  the  treasury    2    2  0 

By  Mr.  Short  in  part  for  a  six  feet  reflecting  telescope   100    0  0 

972  0  0 

28    0  0 


1000    0  0 

*  Suppl.  to  the  Biog.  Diet.  p.  56.  IQt.  are  wanted  in  some  one  of  the  items  to 

*  This  probably  should  be  31.  I3f.  6d.  since    make  up  the  sum  total  of  972/. 
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As  the  buildings  were  also  erected  in  which  the  quadrants  and  transit  were  afterwards 
placed,  a  considerable  sum  in  addition  to  this  must  have  been  laid  out,  probably  by  the 
Board  of  Ordnance  b.  The  place  at  the  westc  of  the  dwelling  house,  in  which  1 1  alley 
had  his  transit,  must  have  been  small,  and  very  inconveniently  situated.  There  is  a 
drawing  likewise,  which  seems  to  have  been  made  from  the  plan  of  the  room,  in  which 
the  old  quadrant  was  originally  put  up;  and  if  it  is  so,  the  length  of  it  was  nearly 
15  feet,  with  a  width  of  a  litde  more  than  10.  The  sides  of  the  pier  must  in  this  case 
have  stood  at  an  angle  of  13*  with  the  walls,  which  can  only  be  accounted  for  by  the 
supposition  of  its  having  been  erected  in  some  building11  which  was  standing  on  the  pre- 
mises, and  was  found  convenient  for  the  purpose.  This  must  have  been  taken  down  in 
1749,  when  the  new  building  was  accommodated  to  the  improved  state  of  the  observatory. 

Most  of  the  smaller  particulars  in  the  account  have  been  already  taken  notice  of*,  and 
the  first  article  of  importance  is  the  parallactic  sector,  with  respect  to  which  the  following 
memorandum'  was  found,  in  Bradley's  own  hand,  among  some  papers  in  the  library  at 
Greenwich.  "  In  the  year  1749,  1000/.  was  given  by  his  majesty,  to  be  paid  bv  the 
"  treasurer  of  the  navy  out  of  money  arising  from  the  old  stores  of  the  navy,  (upon  the 
"  representation  of  the  lords  of  the  admiralty,  and  principally  upon  Lord  Anson's  re- 
"  commendation,)  to  buy  some  astronomical  instruments  for  the  use  of  the  Royal  Ob- 
"servatory;  when  it  was  proposed  by  Mr.  Foulkes,  Mr.  Graham,  and  Mr.  Robins, 
"  who  were  consulted  with  on  that  occasion,  that  in  ihe  catalogue  of  instruments  to  be 
"  purchased  a  parallactic  sector  should  be  inserted,  as  very  useful  for  observing  stars 
"  near  the  zenith;  and  the  sector  which  I  had  formerly  hung  up  at  Wansted,  in  1727, 
"  (with  which  I  afterwards  discovered  the  laws  of  the  aberration  of  the  fixed  stars,  as 
"  also  the  nutation  of  the  earth's  axis,)  being  judged  by  them  worthy  of  a  place  at  the 
"  Royal  Observatory,  I  removed  it  from  Wansted  in  July  1749,  and  procured  a  new 
"  apparatus  for  suspending  it,  (made  by  Mr.  Hearn,  as  the  old  one  was ;)  and  I  likewise 
"  took  care,  while  the  rooms  of  the  new  observatory  were  building,  that  there  might  be 
"  made  convenient  places  for  hanging  the  sector,  both  in  the  new  quadrant  room  and  in 
"  the  transit  room :  my  view  (in  providing  for  its  suspension  in  either  room)  was,  to 
"  render  it  useful  for  settling  the  true  zenith  distances  of  such  stars  as  come  within  its 
"  reach,  (or  within  6$°  on  either  side  of  the  zenith,)  whereby  errors  of  the  line  of  colli- 
"  mation  of  the  telescopes  of  the  mural  quadrants  may  be  found  with  great  ease  and 
"  certainty."  This  provision  for  two  separate  places  of  suspension  was  with  a  view  to 
the  advantage  of  reversing  the  instrument,  the  face  of  the  sectors  being  turned  to  the 


•>  Maskelyncs  Observ.  vol.  II.  p.  160.  The 
ten  pounds  to  the  smiths  and  carpenters  was 
evidently  for  subsequent  and  less  extensive 
work. 

c  P.  Uxii. 

l!  In  the  report  of  what  was  done  for  Hallcy. 
(P.  hum.)  the  building  in  the  garden  appears  at 
first  sight  to  be  described  as  if  it  had  been 
erected  on  purpose  for  the  old  quadrant.  But 
it  may  be  remarked,  that  it  is  not  said,  like  the 


been  "  newly"  erected ;  and  it  is  hardly  possi- 
ble to  conceive,  that  if  it  had  been  so,  sufficient 
height  would  not  have  been  given,  to  avoid  the 
evil  which  Bradley  found  to  have  taken  place, 
when  be  went  to  Greenwich  in  1742.  See 
P.  381. 

«  P.  li.  lii.  liv. 

f  This  is  a  paper  referred  to,  P.  xxvi.  xxvii. 
*  Bradley "s  Greenwich  Observations,  vol.  I. 
Obi.  with  Zen.  Sect.  p.  91. 
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east  when  it  hung  in  the  quadrant  room,  and  to  the  west  in  that  of  the  transit.  The  re- 
moval, however,  from  one  room  to  another,  was  attended  with  risk,  as  well  as  inconve- 
nience; and  in  1769,  when  some  alterations  were  made  in  the  observatory h,  Dr.  Maske- 
lyne  had  a  second  support  put  up  in  the  quadrant  room,  on  the  opposite  side  to  that  which 
had  originally  been  fitted  up  in  it.  The  great  advantage  from  reversing  the  sector  is 
in  determining  the  absolute  distance  from  the  zenith.  Now  Graham  originally  constructed 
Bradley 's  for  a  different  object,  and  all  the  divisions  were  "  pretty  nearly  equal  to  one 
"  another,"  but  their  dimensions  were  too  large  by  2",6  in  a  degree'.  The  limb  also  was 
of  brass  k,  ami  the  arc  in  consequence  followed  a  different  rate  of  expansion  from  the  tube; 
Dr.  Maskelyne,  therefore,  had  a  steel  arc'  substituted  on  it,  with  divisions  to  every  5'  of 
zenith  distance,  upon  gold  pins;  and  he  mentions,  in  1785,  that  this  had  been  done  by 
the  late  Mr.  Sisson.  It  appears  that  Bradley  was  allowed  457.  for  the  instrument.  In 
the  estimate  attached  to  the  petition  which  was  sent  in  to  the  admiralty  there  is  inserted 
"  a  parallactic  sector  of  12  or  13  feet  radius,  for  observing  near  the  zenith,  457."  It  is 
possible,  therefore,  that  this  was  the  sum  which  would  have  been  charged  for  a  new  one; 
and  if  so,  we  have  a  guide  to  what  Bradley's  originally  cost  him. 

The  diurnal  sector  with  a  telescope  of  SO  inches  is  evidently  the  small  equatorial  which 
Dr.  Maskelyne  m  mentions  as  having  been  made  by  Graham  for  Bradley. 

The  magnetic  apparatus  was  probably  a  suggestion  of  his  own ;  for  magnetism  was  a 
subject  in  which  he  was  interested.  His  friend  Graham,  as  early  as  1722",  had  made 
observations  on  the  diurnal  variation ;  and  a  certain  number  have  been  found  which 
Bradley  himself  made  on  the  same  subject  at  Wanstcd  in  1729. 

The  clock  is  put  to  Graham's  account,  but  Dr.  Maskelyne0  states  that  it  was  made  by 
Shelton,  under  his  directions.  Graham  was  born  in  1675,  and  was  now  too  old  to  work 
himself P;  Shelton,  who  had  been  his  assistant,  was  succeeding  to  his  business:  and 
in  Bird  he  saw  another  artist  rising  to  emulate  his  fame,  and  advance  the  improvements 
which  he  had  made  in  the  division  of  astronomical  instruments. 

We  have  seen<l  that  it  was  originally  intended  to  have  furnished  Halley  with  a  second 
quadrant,  and  that  even  a  portion  of  it  was  completed,  when  the  funds  being  exhausted 
the  execution  of  this  part  of  the  plan  became  impracticable.  Bradley,  in  his  paper  on  nu- 
tation', alludes  to  this  deficiency ;  and  the  first  article  in  the  schedule  of  estimates  it  "a 
"  brass  quadrant,  for  the  west  side  of  the  wall,  of  the  same  radius  as  that  which  is  now 
'<  fixed  on  the  east  side."  A  full  account  of  all  the  mechanism  of  this  noble  instrument 
has  been  given  by  the  'maker,  who  used  his  utmost  skill  in  giving  it  stability  as  well  as 
accuracy  ;  and  as  far  as  human  ait  could  contribute  to  his  design  he  certainly  succeeded. 
Roemcr  indeed,  in  writing  to  Leibnitz,  says',  that  he  differs  much  from  those  who  would 

h  Maskelyne's  Greenwich  Trans.  Obs.  vol.  II.  and  Eanwhaw,  and  its  pendulum  was  hung 

p.  I  GO.  from  a  pier  detached  from  the  clockwork.  Vol. 

1  P.20;andMaskelynesOb*.vol.I.Pref.p.x.  III.  p.  339. 

"Ibid.  p.ix.  •>  He  died  in  1751. 

'  Ibid.  vol.  II.  Obs.  with  Zen.  Sect.  p.  25.         ■»  P.  Ixxiii.  r  P.  19. 

"'  Ibid.  vol.  I.  Prssf.  p.  ii.  1  The  Method  of  constructing  Mural  Quad- 

■  Phil.  Trans,  vol.  XXXIII.  p.  96.  ranis,  by  John  Bird,  1 768. 

•  Green.  Obs.  vol.  L  Pref.  p.  ii.  This  clock       '  Misc.  Berol.  Contin.  II.  p.  277. 
win  afterwards  successively  improved  by  Arnold 
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fit  up  an  observatory  for  show  rather  than  use,  and  then  adds,  "  nec  nihil  abeo  ab  alio- 
"  nun  opinione  in  ordinandi*  instruments  cum  quadrantum  et  sextantum  usum  plane 
"  abrogandum  censeam,  magis  Helens  integro  ci  renin  quatuor  pedum,  quam  quad  rami 
"  circuli  deceoipedalis,"  Ramsden  finished  the  circle  of  five  feet  for  Piazzi  in  1789;  he 
arranged,  though  he  did  not  live  to  complete,  the  Dublin  circle  :  and  Mr.  Pond,  with  a 
circular  instrument  of  Troughton's  at  Westbury,  destroyed11  the  illusion  in  which  Bird 
indulged  himself,  of  its  being  possible  for  his  quadrant  to  last  many  *ages  without 
change  of  figure,  or  any  diminution  of  its  value.  Indeed  during  Bradley's  lifetime  there 
is  no  reason  to  suspect  that  any  alteration  had  taken  place.  On  the  16th  of  Feb.  1750X, 
it  was  suspended  on  the  west  side  of  the  pier  in  the  observatory,  and  in  the  June  follow- 
ing it  was  ready  for  observation.  It  was  placed  there  for  the  observations  of  the  pole 
and  other  circumpolar  stars,  from  which  Bradley  had  to  determine  his  latitude,  and 
to  collect  data  for  his  calculations  of  refraction.  In  1753  it  was  taken  to  the  west  side, 
and  Graham's  removed  to  the  place  which  it  had  previously  occupied.  Before  this  was 
done,  the  arc  was  carefully  examined,  in  January,  and  was  found  by  Dr.  Bradley  to  be 
2",  and  by  Bird  only  IV  less  than  a  quadrant ;  it  suffered  no  injury  in  being  moved ;  for 
in  July  1759  the  examination  having  been  repeated,  no  excess  or  deficiency  was  found 
by  either  of  them.  And  the  'plane  was  capable  of  being  so  well  adjusted  to  the  meri- 
dian, that  the  greatest  difference  at  any  part  of  the  limb  did  not  exceed  6"  in  time. 

Besides  the  mural  instruments,  Bird  executed  a  moveable  quadrant ;  it  was  proposed 
at  first  to  be  four  feet  in  radius,  which  being  inconveniently  large  was  " reduced  to 
40  inches:  and  Bird  completed  this  part  of  the  apparatus  by  repairing  the  quadrant 
which  had  been  made  for  1 1  alley.  He  tells  usb,  that  when  he  understood  that  he  should 
be  engaged  to  work  for  the  observatory,  he  made  himself  fullv  acquainted  with  the 
general  construction  of  the  old  quadrant,  and  found  the  plan  of  it  to  be  such  as  to 
afford  a  lasting  testimony  of  Graham's  great  skill  in  mechanics;  its  greatest  defect, 
and  the  cause  which  he  considered  to  have  contributed  most  to  the  alteration  of  its 
figure,  was  the  use  in  several  parts  of  iron,  which  could  not  be  forged  so  advantageously 
as  brass  could  be  cast  into  the  form  which  was  required.  It  was  to  this  instrument 
that  the  double  division  of  the  quadrant  was  first  applied'- .  This  was  a  severe  test  of  the 
execution ;  but  the  repeated  bisection,  of  which  the  number  96  admitted,  was  so  advan- 
tageous, that  if  there  should  be  any  discrepancy,  Bird  recommended  it  to  the  greater"1 


-  PhiL  Trans.  1806,  p.  420. 

«  Bird.  p.  26.  *  Ibid.  p.  23,  24. 

'  Maskelyne,  vol.  I.  Preface  p.  viii. 

*  Jouro.  of  R.  S.  1754,  Oct.  10. 
>>  Bird,  p.  I. 

•  Bird's  Method  of  dividing  Astronomical  In- 
struments, p.  5.  Bird  was  fond  of  making  all  his 
work  very  solid,  and  the  plate  wss  originally  en- 
tire which  clumped  the  telescope  to  the  limb  of 
his  quadrant.  Dr.  Maskelyne  had  the  central 
part  cut  away.  He  likewise  perforated  the  fric- 
tion-wheels to  give  more  light  to  the  vernier. 
Bradley  was  "  very  desirous  of  having  the  tcle- 
"  scope  to  perforin  its  office  without  bracing;" 


Bird  "  therefore  hammered  the  tube  extremely 
"  hard,  and  made  the  trial,  but  without  suc- 
"  cess;  it  was  therefore  braced  in  imitation  of 
"  the  telescope  of  the  old  quadrant"  (Method 
of  constructing  Mural  Quadrants,  p.  15.) 

d  1*.  27.  It  is  curious  to  trace  the  gradual 
improvement  which  use  suggests,  (iraham 
seems  originally  to  have  filed  the  horizontal 
wire  in  the  field  of  view  of  his  quadrant,  with- 
out making  a  provision  for  correcting  any  in- 
accuracy which  might  be  found  in  it.  Bradley 
has  made  the  following  memorandum,  with  re- 
ference to  the  repairs  in  1742.  "  The  horizon  - 
"  tal  wire  (before  the  telescope  was  altered) 
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confidence.  In  1753,  when  Graham's  quadrant  was  removed  from  the  place  which  it 
had  then  occupied  for  nearly  80  years,  a  new'  set  of  divisions  was  put  on  it  by  Bird. 
With  these  Bradley  examined  the  arch  of  it  by  means  of  his  micrometer1',  and  found  the 
difference  in  it  from  a  quadrant  to  be  the  same  as  he  had  before  ascertained  in  a  different 
manner  K. 

There  was  yet  another  important  instrument  for  which  Bradley  was  indebted  to  the 
skill  of  Bird,  and  that  was  the  transit.  Pound's  and  Halley's  were  among  the  first  which 
were  made,  and  it  is  very  probable  that  they  were  supported  by  the  walls  of  the  room, 
or  on  some  stand  which  was  used  for  that  purpose ;  for  the  schedule  describes  "  a  transit 
"  instrument  with  an  axis  of  four  feet,  and  a  telescope  of  eight  feet  in  length,  to  be  sup- 
"  ported  by  two  substantial  stone  pillars."  The  length  was  constructed  according  to  these 
dimensions,  but  the  axis  was  made  \  a  foot  longerh ;  and  to  diminish  the  effect  of  friction 
on  the  ends  of  it,  the  weight  of  the  instrument  was  in  part  taken'  off  by  the  application 
of  a  counterpoise  to  each  extremity  of  it.  The  aperture  was  2,7  inches  in  diameter  *,  which 
was  however  reduced  to  1  {  inch  by  the  elliptical  screen  for  illuminating  the  wires.  It  at  first 
had  a  single  eyeglass1,  but  in  this  construction,  the  field  of  view,  particularly  if  it  is  large, 
will  be  indistinct  towards  the  edges ;  to  remedy  which  inconvenience  a  double  eyeglass  was 
applied  to  it  in  January  1753.  The  lenses  in  it  seem  to  have  been  fixed,  for  Dr.  Maske- 
lyne  at  the  first  entrance  on">  his  office  at  the  observatory,  employed  Bird  to  make  the 
nearest  eyeglass  draw  out,  so  that  the  distance  of  it  from  the  wires  might  be  accommo- 
dated to  the  powers  of  the  eye  for  each  particular  observer.  It  was  not  till  August  1772 
that  the  sliding  eyepiece  was  applied  by  Dr.  Maskelyne  to  the  telescope,  which  enabled 
him  to  bring  the  axis  of  the  glass  directly  on  the  image  of  the  object  as  it  passed  across 
the  field,  and  by  that  means  not  only  the  oblique  view  of  the  side  wires  was  avoided,  but 
the  occasion  for  the  compound  eyeglass  was  removed. 

In  the  new  building,  the  room  intended  for  Bird's  transit  was  connected  by  a  short 
passage  with  that  in  which  the  quadrants  were  fixed.  This  was  a  great  advantage,  but  still 
(as  might  naturally  be  expected)  some  of  the  first  arrangements  admitted  of  considerable 
improvements.    Bradley's  transit  clock  was  fixed  against  the  south  wall  on  the  eastern 

"  inclined  so  that  stars  going  out  appeared  be- 
"  low  the  wire,  if  it  was  brought  upon  them  as 
"  they  entered  the  glass,  and  the  difference 
"amounted  to  about  15".  Mr.  Graham  has 
"  now  made  provision  Tor  altering  the  situation 
'«  of  the  wires  in  this  respect ;  since  they  were 
"  renewed,  I  find  that  stars  now  appear  to  move 
"  a  contrary  way  to  what  they  did  before;  viz. 
"  if  they  appear  upon  the  wire  at  the  entrance, 
"  they  appear  a  little  above  it  going  out,  but 
"  the  difference  (though  sensible)  is  less  than 
"  'twas  before.  However,  'twill  be  necessary 
"  to  reduce  them  as  truly  horizontal  as  may  be, 
"  which  should  be  done  before  I  examine  again 
"  the  line  of  collimation,  which  I  purpose  to  do 
"  when  I  hare  leisure ;"  he  then  has  added, 
"  the  diameter  of  the  wires  in  the  focus  of  the 
•«  telescope  is  ^h-  of  an  inch,  which  therefore 


subtends  8"^."  The  horizontal  wire  was  after- 
wards diminished. — See  F.  lr. 

«  Bradley,  Gr.  Obs.  vol.  I.  Zen.  distances 
to  the  southward,  p.  57. 

'  P.  78.         «  P.  77,  478. 

*  Bradley's  Gr.  Obs.  vol.  I.  Pref.  p.  Hi. 

'  Ibid.  p.  iv.  The  following  memorandum 
occurs  in  a  paper-book  which  was  found  in 
the  library  at  Greenwich,  "Jan.  4,  1755,  1 
"  placed  the  weights  which  support  the  new 
"  transit  at  such  distances  that  the  pressure 
"  of  each  cylinder  on  the  brass  notch  was  just 
"  three  pounds."    In  another  part  of  the  same 

"  weighs  55  pounds." 

k  Maskelyne's  Gr.  Obs.  vol.  I.  Pref.  p.  v. 
1  Bradley's  Gr.  Obs.  voL  I.  Pref.  p.  iii.  iv.  r. 
■  Pref.  p.  nr. 
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aide  of  the  meridian-openings,  which  was  too  far  from  the  instrument ;  but  he,  with 
good  reason,  was  very  anxious  to  keep  his  clock  as  much  as  possible  from  any  external 
motion :  in  1748,  he  particularly  mentions  that  "  the  clock  by  the  transit  instrument 
"  was  taken  down  Sept.  3,  and  fixed  up  again  very  firmly  by  means  of  three  pieces  of 
«  oak  plank,  about  2{  inches  thick  ami  10  broad,  which  were  wedged  fast  into  the  brick 
"  wall."  From  the  improvements  which  Dr.  Maskclyne  made  in  1779,  we  may  also  see  the 
difficulties  which  had  previously  been  encountered n.  "  An  indistinctness  was  produced 
"  in  the  appearance  of  the  heavenly  bodies,  greater  or  less  at  different  times,  by  the 
"  narrowness  of  the  windows  and  openings  of  the  roofs.  This  inconvenience  was  prin- 
"  cipally  felt  in  the  observations  made  with  the  transit  instrument  and  mural  quadrants, 
"  where  the  meridian  openings  being  only  six  inches  wide,  generally  occasioned  a  flut- 
"  tering  and  scintillation  of  the  fixed  stars,  and  an  indistinctness  in  the  disc  and  tremulous 
"  or  undulating  motion  in  the  limbs  of  the  sun,  moon,  and  planets."  To  remedy  this, 
the  windows  of  the  great  room  were  turned  into  glass  doors,  so  that  the  whole,  to  the 
width  of  four  feet,  might  be  thrown  open  if  occasion  should  require  it :  all  the  openings 
of  the  roofs  were  likewise  enlarged,  especially  those  in  the  meridian,  which  were  in- 
creased in  width  to  three  feet;  to  prevent  the  heat  which  was  produced  by  them,  all  the 
windows  of  the  transit  and  quadrant  rooms,  excepting  those  to  the  north,  were  bricked 
up.  The  enlargement,  however,  of  the  openings  made  a  precaution  necessary,  for  which 
their  original  narrow  dimensions  might  have  been  intended  to  provide;  and  in  June 
178+,  "  mahogany  coven  were  put  over  the  ends  of  the  axis  of  the  transit  instrument,  to 
M  defend  it  from  tl»e  sun's  rays0,"  when  observations  were  taken  with  it  at  noon,  or  at 
short  intervals  from  it. 

In  addition  to  all  these  instruments,  there  was  a  want  of  a  reflecting  telescope,  and  it 
was  proposed  to  have  a  Newtonian  of  about  6  feet  in  length.  It  was  estimated  that  this 
would  require  115/.  The  100/.  brought  into  account  as  |>aid  in  part  to  Mr.  Short  for 
this  instrument  had  been  advanced  to  him  for  this  purpose,  and  it  is  mentioned  in  the 
minutes  of  the  council  of  the  Royal  Society  for  June  5,  1755.  There  was  some  discus- 
sion at  that  time  about  his  taking  hack  a  Gregorian  reflector,  which  he  had  probably 
provided  for  the  observatory  while  he  was  at  work  on  that  which  he  had  undertaken  to 
make.  This,  however,  he  very  soon  agreed  to,  "  P without  any  further  demand  on 
"  Dr.  Bradley  or  others  on  account  of  it and  at  the  same  time  he  undertook  to  deliver 
the  Newtonian  in  four  months.  As  the  money  remained  on  account  at  the  time  of 
Bradley's  death,  in  1762,  it  is  probable  that,  like  many  other  eminent  workmen,  he  pro- 
mised more  than  he  found  himself  able  to  perform.  Short  died  at  no  very  advanced  age, 
in  1768;  but  he  completed  the  instrument,  and  Maskelyne  mentions  it  in  his  preface1)  as 
part  of  the  apparatus  of  the  observatory.  He  had  previously  contributed  his  services  in 
another  manner,  for  in  the  Journals  of  the  Hoyal  Society'  there  is  notice  of  a  letter 
which  he  had  written  to  Mr.  Davall  on  his  method9  of  making  large  lenses.  It  is  known 

«  Grcenw.  Obs.  vol.  II.  p.  160.  •  He  delivered  "  a  full  account"  of  it  sealed 

•  Ibid.  p.  325.  up,  to  be  preserved  with  the  papers  of  the  so. 
p  Minutes  of  the  council  of  the  Royal  So-    ciety,  and  not  to  be  opened  till  he  gave  leave 

ciety,  June  12,  1755.  for  its  publication.    He  appears  to  have  made 

*  P.  iL  •  April  30.  1752.  no  coraraunicaUon  on  the  subject  during  his 
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that  the  mirrors  which  he  first  made  for  reflecting  telescopes  were  of  glass,  and  he 
describes  his  method  of  producing  a  spherical  figure  to  be  so  good,  that  in  the  year 
1740,  at  Dr.  Bradley's  desire,  he  ground  some  object  glasses  for  the  new  instruments 
in  the  Royal  Observatory  at  Greenwich,  which  were  found  to  excel  all  those  that  were 
compared  with  them,  in  consequence  whereof  the  use  of  them  was  adopted. 

CHAP.  X. 

Reformation  of  the  calendar— Scientific  pursuits  of  George,  Earl  of  Macclesfield —  Bradley's  first 
use  of  the  new  quadrant  at  Greenwich — Refraction — Latitude  of  the  observatory. 

BEFORE  Bradley  was  well  settled  in  the  enjoyment  and  full  use  of  his  new  instru- 
ments,  he  was  called  upon  to  take  a  part  in  the  great  national  question  of  the  alteration 
of  the  style.  It  was  not  indeed  of  that  nature,  which  could  have  been  attended  with  any 
doubts  or  long  and  perplexing  considerations  with  respect  to  the  suggestions  which  he 
had  to  make  on  the  subject.  The  difficulty  did  not  rest  with  him  who  had  to  direct 
what  ought  to  be  done — that  was  clear — but  with  those  who  had  to  bring  about  the 
reformation  which  was  required. 

When  Pope  Gregory  XIII,  in  1581,  issued  his  bull  for  the  reformation  of  the  calen- 
dar, he  established  an  improvement  which  ought  to  have  been  universally  received  with- 
out hesitation.  But  the  alteration  came  from  Rome,  which  was  in  itself  sufficient  to 
raise  obstacles  to  its  reception  in  protestant  countries.  In  spite  of  these  prejudices  it 
worked  its  way  on  the  continent;  but  even  in  the  middle  of  the  eighteenth  century  it 
had  not  been  admitted  in  our  own  country. 

The  Earl  of  Chesterfield  is  said  to  have  been  the  original'  promoter  of  the  assimilation 
of  the  British  calendar  to  that  of  other  countries,  being  chiefly  influenced  by  the  chrono- 
logical inaccuracies  which  the  difference  tended  to  produce.  The  Duke  of  Newcastle 
"  was  too  deeply  impressed  with  the  favourite  maxim  of  Sir  Robert  Walpole  and  his 
"  royal  master,  '  tranquil  la  non  movere,'  to  relish  a  proposal,  which  was  likely  to 
"shock  the  civil  and  religious  prejudices  of  the  people but  Mr.  Pelham  and  Lord 
Chancellor  Hardwick  supported  the  measure;  and  it  was  finally  carried  in  1751. 
The  bill  was  brought  in  by  Lord  Chesterfield  on  the  25th  of  February,  and  the 
next  reading  took  place  on  the  18th  of  March,  when  he  was  seconded  by  George 
Earl  of  Macclesfield ;  some  alterations  were  made  in  the  committees,  but  it  passed 
through  both  houses  apparently  without  any  serious  opposition,  and  received  the  royal 
assent  on  the  22d  of  May.  The  principal  public  supj»ort  of  this  great  measure  was 
divided  between  the  two  noblemen  who  spoke  in  favour  of  it  on  the  second  reading. 
Lord  Chesterfield  was  persuaded  of  the  convenience  to  be  derived  from  uniformity  with 
our  neighbours;  but  in  a  flippant  letter"  to  his  son  he  acknowledges  that  he  knew 
nothing  of  the  other  merits  of  the  case,  and  boasts  of  having  imposed  upon  his  noble 
hearers  by  rounded  sentences  and  amusing  relations.    Maty*  mentions  a  valuable  com- 

lifetime,  but  after  his  death  it  was  opened  bv  tion,  vol.  II.  p.  178. 

the  council,  and  printed  in  the  Phil.  Trans.       tt  4<».  vol.  II.  letter  XXVII. 

(vol.  LXIX.  p.  507.)  under  the  title  of  "  A  me-       *  Memoirs  of  Earl  of  Chesterfield,  as  quoted 

thod  of  working  object  glasses  of  refracting  in  Hansard  s  Parliamentary  Debates,  vol.  XIV. 

"  telescopes  trulv  spherical."  p.  979,  980. 

«  Coxe  s  Memoirs  of  Pelham's  Administra- 
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munication,  which  he  received  on  the  subject  from  Chancellor  Daguesseau,  but  it  pro- 
bably was  only  of  a  political  nature ;  and  the  letter,  to  which  we  have  just  alluded,  does 
the  justice  of  avowing  that  Lord  Macclesfield  had  the  care  of  the  provisions  of  the  hill, 
and  supplied  all  the  science  necessary  for  the  arrangements  of  it. 

Lord  Chesterfield  took  pains  in  the  periodical  7  journals  of  the  day  to  prepare  the 
minds  of  the  public  for  the  change;  but  he  found  it  much  easier  to  prevail  with  the 
legislature,  than  to  reconcile  the  great  mass  of  the  people  to  the  abandonment  of  their 
inveterate  habits.  When  Lord  Macclesfield's  eldest  son  stood  the  great  contested  election 
for  Oxfordshire,  in  1754,  one  of  the  most  vehement  cries  raised  by  the  mob  against  him 
was,  "  Give  us  back  the  eleven  days  we  have  been  robbed  of and  even  several  years 
after,  when  Bradley,  worn  down  by  his  labours  in  the  cause  of  science,  was  sinking  under 
the  disease  which  closed  his  mortal  career,  many  of  the  common  people  attributed  his 
sufferings  to  a  judgment  from  heaven  for  his  having  been  instrumental  in  what  they  con- 
sidered to  be  so  impious  an  undertaking. 

Lord  Macclesfield's  task,  if  it  required  more  powers  of  abstract  reasoning,  brought 
him  into  contact  with  those,  who  were  more  ready  to  admit  the  force  of  his  argu- 
ments. It  was  evidently  with  a  view  to  this  measure  that  he  drew  up  the  paper,  which 
was  printed  in  the  Phil.  Trans.*,  containing  remarks  on  the  solar  and  lunar  years,  and 
the  method  of  finding  Easter  as  it  was  then  observed  in  most  parts  of  Europe.  He 
likewise  printed  the  speech  which  he  made  in  support  of  the  bill :  he  says,  in  the  adver- 
tisement prefixed  to  it,  that  he  did  so  in  compliance  with  the  pressing  instances*  of  many 
of  his  hearers,  who  must  have  felt  that  it  required  the  quiet  of  the  closet  to  be  rightly 
comprehended. 

It  is  very  possible  that  the  weight  of  Bradley's  opinion  had  much  more  to  do  with 
this  great  measure  than  is  generally  understood.  Lady  Katberine,  the  wife  of  Mr.  Pel- 
ham,  was  made  ranger  of  Greenwich  park  in  1745b,  and  he  in  consequence  used  occa- 
sionally to'  reside  there.  This  produced  an  intimacy  with  Bradley,  whom  the  minister 
always  treated  with  great  consideration  and  friendship.  There  is  mention  repeatedly 
made  of  a  "  mark  on  Lord  Chesterfield's  house,"  which  proves  his  Lordship's  residence 
in  the  neighbourhood  :  and  although  his  own  habits  were  very  different  from  those  of  the 
Astronomer  Royal,  a  certain  degree  of  intercourse  probably  took  place  between  them, 
ami  Bradley's  sentiments,  from  a  personal  knowledge,  might  have  had  the  greater  in- 
fluence on  him.  Of  their  estimation  in  the  opinion  of  Lord  Macclesfield  there  can  be  no 
doubt,  and  his  Lordship  in  his  speech"1  refers  particularly  to  them. 

In  the  calendar  prefixed  to  the  liturgy  in  the  early  part  of  the  last  century,  we  find 
only  two  tables  which  follow  the  enumeration  of  "  certain  solemn  days ;"  the  one  is,  that 
of  the  moveable  feasts  for  a  number  of  years  in  advance,  and  the  other  is  for  finding 
Easter  by  the  Sunday  letter  and  golden  number,  which  now  stands  second  in  our 
prayer-books:  all  the  rest  were  added  in  1751.    Lord  Macclesfield  tells  us  that  the 


t  foxe,  p.  179.  b  Gent.  Mag.  vol.  XV.  p.  109. 

'  Vol.  XLVI.  for  1749-50,  p.  417.  «  Lyson  s  Environs  of  London,  vol.  IV.  p. 

'  It  was  reprinted  in  the  Mime  year  (1751 )  453. 
by  Faulkner  at  Dublin,  which  shews  that  it       *  p.  22. 
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bill  was  "  drawn,  and  most  of  the  tables  prepared,  by  Mr.  Davall,  a  barrister  of  the 
'•  Middle  Temple,  whose  skill  in  astronomy,  as  well  as  in  his  profession,  rendered  him 
**  extremely  capable  of  accurately  jierforming  that  work.'*  He  was  secretary  to  the 
Royal  Society  from  1747  to  1759,  and  Nichollse  mentions  that  he  became  afterwards  a 
master  in  chancery,  of  which  court  he  was  accoinptant-general  at  the  time  of  his  death 
in  1763.  The  whole,  his  Lordship  adds,  was  carefully  examined  and  approved  of  by 
Folkes,  who  was  at  that  time  President  of  the  Royal  Society,  and  by  Bradley '.  This 
of  course  could  hardly  have  been  intended  to  apply  to  any  of  the  legal  enactments,  and 
Bradley  is  particularly  mentioned  S  as  having  composed  the  diree  general  tables  at  the 
end.  We  haveh  his  letter,  in  which  he  informed  Lord  Macclesfield  that  Basket  had 
printed  ofT  all  die  tables  before  the  alterations  could  be  introduced  which  his  Lordship 
proposed,  and  this  part  of  the  bill  has  been  found  among  the  papers  at  Oxford,  with  the 
emendations  in  his  own  hand.  He  made  some  corrections  in  the  "rules  to  know 
"  when  the  moveable  feasts  and  holy-days  iK'gin,*'  and  he  introduced  the  words  "  kept 
"  in  memory"  into  the  enumeration  of  the  days  "  for  which  particular  services  are 
-  appointed."  Table  I.'  widi  a  few  verbal  emendations,  is  found  as  it  now  stands  in 
our  praver-book».  In  Tables  II.  and  III.  between  the  second  and  third  columns  there 
were  others  inserted  for  the  epacts,  which  were  afterwards  omitted,  probably  for  the  rea- 
sons stated  in  Lord  Macclesfield's  speech k:  and  some  alterations  were  made  in  the 
directions.  Among  Bradley's  manuscripts  there  is  likewise  the  second  old  table  for  find- 
ing Easter  accommodated  to  the  new  style. 

This  was  not  the  only  instance  in  which  Bradley's  labours  were  joined  with  those  of 
the  Earl  of  Macclesfield.  His  Lordship  was  born  in  1(197';  he  was  therefore  the 
younger  of  the  two  by  a  few  years,  and  the  patronage  of  the  Lord  Chancellor,  which 
Bradley  so  gratefully  acknowledges"1,  was  a  means  of  bringing  them  much  together. 
Whether  his  Lordship's  fondness  for  astronomy  was  die  cause  or  consequence  of  their 
intimacy  cannot  now  be  determined,  but  it  certainly  began  very  early.  A  transcript  lias 
been  mentioned",  made  jointly  by  Bradley  and  himself,  of  the  British  Catalogue,  which 
must  have  been  previous  to  1725,  when  the  second  edition  was  published  of  the 
Historia  Coelestis.  Having  become  a  fellow  of  the  Royal  Society  in  1722,  he  continued 
to  take  great  interest  in  its  proceedings,  and  in  1752  was  elected  President,  which  office 
he  held  during  the  remainder  of  his  life. 


«  Literary  Anecdotes,  vol.  II.  p.  .172. 

1  There  were  probably  others,  who  contri- 
buted their  assisUmcc,  although  their  names 
are  not  recorded.  Hutton,  in  his  account  of 
Walmesley,  says,  that  he  "  was  the  last  survivor 
"  of  those  eminent  mathematicians  who  were 
"  concerned  in  regulating  the  chronological 
"  style  in  England,  which  produced  the  change 
"of  stvle  in  this  country  in  the  year  1752." 
Phil.  Trans.  Abr.  vol.  XL  p.  17. 

I  Lord  Macclesfield's  Speech,  p.  22. 

»  P.  'Kil. 

1  To  the  rule  for  this  table  it  might  possibly 
have  been  useful  to  add,  that  the  dominical  let- 


ter which  it  determines,  is  the  second  of  the 
two  when  the  vear  is  bissextile. 
k  p.  20. 

1  None  of  the  printed  accounts,  or  the  obi- 
tuaries in  the  magazines,  give  the  year  of  his 
birth  ;  but  in  one  of  the  Shirbum  observation  - 
books  the  following  memorandum  is  entered 
agaiost  the  1 7th  of  March,  176-1:  "  This  roorn- 

ing  died  the  Earl  of  Macclesfield,  aged  67" 
For  the  general  account  of  him,  see  Park  s  edi- 
tion of  Lord  Orfords  Royal  and  Noble  Authors, 
vol.  IV.  p.  272. 

«  P.  11.  -  P.  Ik  note  i. 
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The  Enrl  of  Macclesfield  succeeded  to  his  father's  title  and  estate  in  1732,  the  same0 
year  in  which  Bradley  removed  to  Oxford ;  and  Shirburn  Castle  being  at  a  distance  of 
only  seventeen  miles,  he  frequently  visited  a  mansion  in  which  he  was  so  kindly  received. 
This  intercourse  contributed,  no  doubt,  to  the  determination  of  erecting  an  observa- 
tory there.  The  exact  period  when  this  took  place  is  uncertain,  but  it  was  not 
later  than  1T:>1'.  In  1738,  there  are  records  of  the  time  deduced  from  observations 
of  the  sun's  altitudes ;  but  these  were  not  taken  on  the  meridian,  nor  with  Sisson's  large 
quadrant,  for  the  error  of  its  limb  (in  1745)  was  5",  whereas  the  error  allowed  for  at 
this  time  wax  30",  which  was  the  quantity)'  found  by  Bradley  for  some  smaller  instru- 
ment. The  earliest  meridian  observations  which  have  l>een  found  among  those  made  at 
Shirburn  are  in  Dec.  1739.  They  are  taken  at  the  transit  almost  entirely  by  Bradley, 
and  probably  with  a  view  of  bringing  the  instrument  into  proper  adjustment.  This  will 
agree  well  with  the  whole  tenor  of  his  letter  in  October  of  that  year  i.  On  the  4th  of  June, 
1740,  Lord  Macclesfield  began  the  regular  series  of  his  own  observations,  which  were 
continued  till  the  end  of  his  life;  and  entries  in  Bradley's  hand  occasionally  appear 
interspersed  amidst  his  Lordship's.  In  the  winter  of  1740-41,  they  were  both  engaged 
in  observing  ?  Ursie  and  Alcore'. 

The  observatory  stood  about  100  yards  south  from  the  gate  of  the  Castle,  and  a  little 
to  the  west  of  it.  It  was  not  erected  for  mere  amusement.  It  consisted  of  three  rooms,  one 
was  fitted  up  for  his  Lordship's  accommodation  as  a  bed-chamber,  w  hich  he  occasionally 
occupied  when  he  passed  the  night  in  his  observations.  Bliss  says'  incidentally,  in  a  letter 
to  Bradley,  "  My  Lord  lay  two  nights  last  week  at  the  observatory.'"  A  second  con- 
tained the  transit,  and  the  third  a  mural  quadrant,  (both  of  which  instruments  were  made 
by  Siason,)  and  in  this  third  room  there  was  a  bed  for  the  assistant.  His  Lordship  at 
first,  with  the  occasional  aid  of  Bradley,  seems  to  have  made  the  observations  for 
himself ;  but  in  January,  1749,  he  admitted  an  old  servant  of  the  family,  Thomas 
Phelps,  to  work  under  him.  John  Bartlett  afterwards  had  a  similar  trust  reposed  in 
him ;  and  there  is  an  engraving  of  them,  in  which  the  latter  is  represented  as  preparing 
to  write  down  the  observation  which  his  elder  coadjutor  is  taking  at  the  transit.  This 
instrument  was  five1  feet  in  length,  and  seems  from  the  drawing  to  have  been  very  simi- 
lar in  proportion  to  Halley's  telescope;  but  the  arms  of  the  axis  are  conical,  equal  to 
each  other  in  length,  and  supported  on  two  stone  pillars.  It  had  originally  three  wires, 
which  were  afterwards  increased  to  five,  probably  by  Dollond,  who  certainly  provided 
the  instruments  at  one  time  with  achromatic  object-glasses. 

The  quadrant  had  Graham's  division  of  96  on  the  limb,  as  well  as  that  of  90'.  In 
the  summer  of  1745,  a  new  set  of  divisions  was  made  on  it  by  Bird,  and  when  it 
lay  upon  a  plain  table  made  to  receive  it,  the  error  of  Sisson's  quadrant  was  found 
to  be  10"  in  defect".  After  it  was  put  up,  its  figure  was  examined  with  one  of  Graham's 
levels,  and  "  it  appeared,  upon  a  medium  of  several  trials  made  by  his  Lordship,  Dr. 

•  P.  24.  ►  P.  421,  422.  *  P.  419.  distance  of  the  object  and  eye  glasses,  the  other 
'  See  P.  Ixix.  n.  T.  •  P.  423.  measure  to  the  length  of  the  tube.  In  this  last 

•  This  is  the  length  given  in  the  observation-  particular  Halley's  wa*  5f.  6$  inch,  though  the 
books:  Hornsbv  (Ph.  Trans,  vol.  LXIII.  p.  instrument  is  usually  described  as  being  only 
103.)  calls  it  5j  feet.    The  diflerence  probably    five  feet  in  length. 

consist*  in  one  measure's  beiog  referred  to  the       »  Shirburn  Obs.  June  1715. 

1  2 
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44  Bradley,  and  Mr.  Bliss,  several  different  days*,"  that  the  arc  was  enlarged  5"  by  l>eing 
placed  in  a  vertical  position.  The  first  operation  of  Bird  was  to  determine  the  96  parts, 
and  to  subdivide  each  of  them  into  8.  Six  years  afterwards  he  bisected  each  of  these 
subdivisions)',  and  then  the  beam  compos*,  being  adjusted  to  the  length  of  60*,  was 
applied  to  a  numlier  of  points  on  the  limb,  and  none  were  found  to  vary  from  their  true 
position  by  more  than  1".  The  same  trial  being  made  on  the  radius  of  the  instrument, 
its  true  length  appeared  to  be  64,4173  inches;  but  the  middle  of  the  arc  was  found 
to  be  a  litUe  too  near  to  the  centre  of  the  quadrant*.  The  books  in  which  the 
observations  were  entered,  as  they  were  made  with  these  instruments,  are  preserved  in 
the  Savilian  library  at  Oxford.  They  arc  in  a  regular  series  for  the  transit  from  June 
1740  to  June  1787,  and  for  the  quadrant  from  January  1743  to  March  1793;  the 
portraits  of  Phelps*  and  Bartlett  were  drawn  in  1776  ;  after  which  time  the  name  of  Red- 
ding occurs  as  of  one  employed  in  the  observatory:  the  adjustments  being  occasionally 
examined  by  Bradley,  Bliss,  and  Homsby,  who  all  in  their  turns  enjoyed  the  hospitality 
and  joined  in  the  scientific  pursuits  of  the  noble  owners  of  Shirburn  Castle. 

The  quadrant  clock  was  made  by  Tompion,  and  that,  which  was  used  for  the  transit, 
by  Graham ;  both  appear  to  have  been  provided  with  mercurial  pendulums.  In  the 
back  ground  of  the  print  that  has  been  just  mentioned,  there  is  the  drawing  of  a  tele- 
scope on  a  stand,  which  has  much  the  appearance  of  one  of  Dollond's  achromatic*. 
There  is  in  the  Savilian  library  a  volume  of  Tables  which  are  chiefly  written  with  his 
Lordship  s  own  hand,  and  among  them  are  two  for  the  values  of  his  micrometer  when 
applied  to  telescopes  in  length  14f.  4  inch,  and  6f.  Besides  these,  he  had  the  use  of  the 
Huygenian  glasses  of  210  and  120  feet,  which  were  lentb  to  him  by  the  Royal  Society. 

Such  were  the  advantages  to  which  it  was  Bradley's  good  fortune  to  have  access. 
A  friend  and  patron  like  Lord  Macclesfield  justly  deserved  the  compliment  of  being 
made  the  channel  through0  which  the  discovery  of  nutation  was  afterwards  communi- 
cated to  the  Royal  Society.  In  that  paper  Bradley  particularly  mentions  his  esteem 
and  the  used  which  he  had  made  of  the  Shirburn  observations.  The  quadrant  admitted 
of  being  removed  to  the  op|wsite  sides  of  the  pier  upon  which  it  was  hung,  and  this  gave 
it  a  great  advantage:  it  was  constructed  with  every  care,  and  there  were  parts  of  it 
which  Grischow  particularly  noticed*  as  desirable  to  be  introduced  iuto  the  large  instru- 


•  P. -178.   Shirburn  Obs.  Oct.  1745. 

'  Shirburn  Observations,  July  1751. 

'  Homsby  says  the  radius  was  5  French 
feet,  and  that  in  1 7-15  the  body  of  the  instru- 
ment was  strengthened  by  screwing  a  Urge  and 
broad  plate  of  brass  on  the  cross  bars.  Phil. 
Trans,  vol.  LXIII  p.  1 1 0.  His  description  gives 
the  impression  of  Bird's  having,  in  1 745,  divided 
each  96th  part  iuto  I  ti,  so  that  the  bisections  in 
1751  were  into  half  subdivisions.  Hornsby 
himself  was  familiarly  acquainted  with  the  in- 
strument. It  may  lie  right  therefore  to  give 
Lord  Macclesfield's  own  words  :  41  Mr.  Bird 
'•  having,  in  the  year  1745,  made  a  new  set  of 
44  divisions  ou  the' mural  quadrant  to  correspond 


"  with  every  other  ( 1536)  division,  came  down 
41  again  to  Shirburn  the  22d  of  July  1751,  and 
44  inserted  between  those  already  made,  other 
"  points  to  correspond  to  the  intermediate  di- 
44  visions  which  were  before  omitted." 

'  Phelps  was  likewise  employed  in  conduct- 
ing chemical  experiments.  Lord  Macclesfield 
wa>  much  interested  in  this  department  of  science, 
and  built  a  very  large  and  complete  laboratory 
about  50  yards  from  the  mansion,  supported 
on  arches :  it  was  furnished  with  furnaces  and 
every  species  of  apparatus. 

b  Aug.  29,  1748.  One  of  these  (if  not  both) 
was  certainly  erected  at  Shirburn. 

«  P.  17.       J  P.  19.  41.        «  P.  466. 
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ment  which  Bird  was  to  make  for  the  academy  of  St.  Petersburgh.  The  transit  likewise 
hod  advantages  over  Halley's,  and  there  is  a  letter  at  Shir  bum  Castle  from  Bliss  to  the 
Earl  of  Macclesfield,  (dated  Feb.  19,  1743-4.)  in  which  he  sap,  "  Dr.  Bradley  is 
"  much  pleased  that  the  comet  has  been  seen  on  the  meridian  at  Shirburn,  because  his 
"  nephew  could  not  find  it  at  Greenwich ;  the  reason  of  which  he  supposes  is,  because 
"  they  l»ave  no  tube  on  the  end  of  the  telescope  to  screen  the  object-glass  from  the  sun." 
All  these  circumstances  must  have  made  Bradley  the  more  weary  of  his  old  instruments, 
and  not  only  have  suggested  many  things  which  would  be  advantageous  in  the  con- 
struction of  his  new  ones,  but  have  made  him  better  prepared  for  the  use  of  them. 

Bradley  during  the  latter  part  of  his  life  used  generally  to  reside  about  three  months 
every  year  in  the  university,  and  he  had  now  ample  occut>ation  for  the  rest  of  his  time 
at  Greenwich.  Before  this  period  he  had  been  able  to  observe  his  meridian  altitudes 
only1'  to  the  south ;  but  he  was  anxious  to  make  a  series  of  observations  which  would 
enable  him  to  determine  his  latitude,  and  the  amount  of  refraction  at  different  altitudes. 
For  this  purpose,  therefore,  he  had  Bird's  new  quadrant  directed  at  first  to  the  north, 
notwithstanding  the  risk  which  attended  the  change  of  its  place  when  his  object  should 
be  completed:  and  he  dedicated  three  years,  from  Aug.  10,  1750,  to  July  31,  1733, 
to  the  observation  with  it  of  a  Ursa?  Min.  and  circumpolar  stars. 

Befraction  is  of  so  much  importance  in  the  determination  of  the  altitudes  of  objects, 
that  we  cannot  wonder  at  Bradley's  having  attended  to  it  even  before  he  had  the  means 
of  satisfactorily  determining  the  question.  In  the  volume  of  astronomical  tables  in  the 
Savilian  library,  which  belonged  to  Lord  Macclesfield's  observatory,  there  are  several 
for  refraction,  and  one  in  particular,  which  is  entitled,  "  Dr.  Bradley's  table  of  refrac- 
"  tions  collected  from  the  observations  at  Shirburn."  The  title  proves  that  these  calcu- 
lations must  have  been  made  after  the  diploma  was  given  him  in  174%,  and  they  prolwbly 
contain  soaic  of  the  elements  for  which  he  acknowledges  his  obligations  to  his  Lordship's 
«•  most  accurate  observations'.*'  The  table  is  not  carried  below  80°  of  zenith  distance ; 
but  the  following  comparison  will  shew  how  near  the  quantities,  that  it  containsk,  had 
been  brought  to  the  results,  at  which  he  finally  arrived  : 

Zenith  dist  10*    20     30°     40°     50'       60'        70'  80' 

Shirburn  9"i  20"     31"     45"     1'  5"     1'  35"     2'  32"    5'  14" 

Maskelync's  Tab.1  XXII.  10  20,7  82,9  47,8  1  7,8  1  38,4  2  35,5  5  14,8 
Dr.  Maskelyne  had  the  advantage  of  having  been  «  apprised™  by  Dr.  Bradley  him- 
"  self  of  several  particulars  of  moment  relative  to  his  observations,  and  particularly  of 
"  the  method  which  he  used  for  settling  his  latitude  and  refractions."  We  cannot 
therefore  follow  a  better  guide  in  this  part  of  our  inquiry.  He  tells  us,  that  "  n  by 
"  the  observations  of  the  pole  star  and  other  circumpolar  stars  above  and  In-low  the 
"  pole,  Dr.  Bradley  got  the  apparent  zenith  distance  of  the  pole ;  by  the  apparent  and 
"  equal  distances  of  the  sun  at  the  two  equinoxes,  having  at  the  same  time  opposite 

'  P.  19.  1  P.  19.  "  been  able  to  determine  the  refractions  by  the 

*  These  are  not  exactly  what  Dr.  Maske-  "  new  mural  sre."  See  PfcH.  Tr.  vol.  LXXVII. 

lyuc  calls  Lord  Macclesfield's  refractions,  of  p.  173k 

which  be  tells  us  that  he  had  a  copy  writ-       1  p.  15. 

ten  out  by  Brndlcv.  "  being  wbst  he  used       "  Phil.  Trans,  vol.  LXXVII.  p.  153. 
"  to  correct  hU  observations  by  before  he  had       ■  Ibid.  p.  li-1.   See  also  p.  75. 
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*  right  ascension*,'"  he  M  found  the  apparent  zenith  distance  of  the  equator,  which 
"  lessened  by  parallax  and  added  to  the  apparent  zenith  distance  of  the  pole,  gave  a 
"  sum  less  than  90",  by  the  sum  of  the  two  refractions  belonging  to  the  pole  and  meri- 

"  dian  zenith  distance  of  the  equator  The  sum  and  difference  of  refractions  onswer- 

11  ing  to  the  pole  and  equator  being  thus  given,  the  refractions  themselves  are  given  ; 
"  but  he  afterwards,  from  the  consideration  that  the  refractions  at  the  pole  and  equator 
"  may  be  taken  without  sensible  error  as  the  tangents  of  the  zenith  distances,  according 
"  to  Mr.  Thomas  Simpson's  theory  of  refraction  in  his  Mathematical  Dissertations",  di- 
"  vided  more  accurately  the  sum  of  the  refractions  at  the  pole  and  the  equator  into  the 
**  just  parts  answering  to  each  zenith  distance,  and  thereby  found  the  latitude  with  more 
"  exactness.  In  this  manner  he  found  the  latitude  of  the  Royal  Observatory  to  be 
"  51'  28"  89"  4,  and  the  mean  refraction  at  45'  3*  to  beP  57",  the  barometer  standing  at 
"  29,6  inches,  and  the  thermometer  of  Fahrenheit's  scale  at  50"." 

Dr.  Maskelyne  then  confirms  his  account  by  a  passage'1  which  he  gives  in  Rradlev's 
own  words.  The  extract  was  made  from  the  paper-book  which  has  been r  before  referred 
to,  and  contained  all  which  was  necessary  for  his  immediate  purpose ;  but  as  there  ore 
other  particulars  annexed,  which  are  connected  with  Bradley's  researches,  it  will  be 
better  to  copy  it  more  fully  from  the  original.    It  is  as  follows: 

"  The  apparent  zenith  distance  of  the  equator  by  the  mean  of  20 

«  observ  ations  in  1746, 1747,  was   5*1  27  28 

"  The  mean  apparent  distance  of  the  pole  by  the  observations  made 

«  between  1750—1752    38  30  35 

89  58  3 

"  Sum  of  refractions    1  57 

"  Polar  refraction    45* 

"  Equat.  refraction    1  11* 

"  Latitude   =51  28  894 

"  Co-Lat  =38  31  20* 

"  The  equatorial  refraction  is  2"  or  3"  greater  in  March  than  in  September,  and  the 
"  right  ascension  differs  5"  when  the  zenith  distance  is  the  same,  for  which  an  allowance 
"  ought  to  be  mode  in  settling  the  stars'  right  ascension  or  the  equinoctial  points.*' 


■  p.  46. 

f  In  the  Explanation  and  Use  of  his  Tables 
(p.  v.)  Dr.  Maskelyne  observes  that  Bradley 
supposed  the  sun's  parallax  to  be  IO"-i,  and 
that  had  be  made  use  of  the  true  parallax  of 
8",  H  or  S"  J ,  he  would  have  found  tbc  refraction 
at  45*  to  be  56"$  instead  of  57",  and  the  lati- 
tude of  the  observatory  to  be  exactly  5 1 '  28' 
40"  instead  of  51'  28'  39'f  On  tbc  other 
hand  most  writers  have  found  the  refraction  at 
45*  more  than  57",  and  Bessel  does  so  from 
Bradley's  own  observations. — See  Delumbre, 
Ast.  vol.  I.  chap.  XIII.  p.  325,  and  Trans,  of  the 
R.  Irish  Ac  vol.  XII.  p.  80.    But  the  quantity 


possibly  varies  for  different  situations  in  a  man- 
ner for  which  we  have  at  present  no  instru- 
ments to  afford  us  the  proper  measures.  Dr. 
Wollaston  found  the  hygrometer  inefficient, 
{Phil.  Trans.  1803,  p.  8.)  and  so  did  Dclam- 
brc,  (Astr.  vol.  I.  p.  320.)  yet  there  can  be  no 
doubt  of  refractions  being  affected  by  vapour. 
The  vicinity  therefore  of  the  Thames  might  be 
expected  to  have  increased  it,  and  yet  Mr. 
Groombridgc,  on  Blackheath,  made  the  amount 
of  it  greater  than  Bradlev  found  it  at  Green- 
wich, (P.  T.  1810,  p.  201.) 

<•  Phil.  Trans,  vol.  LXXVII.  p.  156. 

•  P.  xxiv. 
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A  difference  like  that  which  has  just  been  pointed  out  would  he  consistent  with  the 
effect  of  temperature,  which  must  generally  be  lower  at  the  vernal  than  at  the  autumnal 
equinox.  If  r  is  the  refraction  at  any  zenith  distance,  b  the  height  of  the  barometer  in 
English  inches,  and  t  the  number  of  degrees  on  Fahrenheit  a  scale  at  which  the  ther- 
mometer may  be  standing,  it  is  known  that  Bradley's  formula  gives  57"  tang.  (Z.  D.— 3r) 

«P  x  f7iSo=r-  Thi9  was  first  Published  in  IT®  Dr  Maskelyne,  in  his  British  Ma- 
riner's Guide",  and  afterwards  in  the  Phil.  Trans".  &c,  and  several  curious  notices 
respecting  it  have  been  found  among  the  Oxford  manuscripts.  The  coefficient  of  r  was 
not  settled  "till  after  many  trials.  There  is  a  paper,  on  which  is  written,  in  John  Brad- 
ley's hand,  "  From  the  mean  zenith  distance  subtract  4  times  die  refraction  to  find  the 
u  apparent  refraction  by  the  tangent."  This  was  probably  soon  found  to  be  too  large, 
and  possibly  the  next  step  may  be  traced  in  the  following  memorandum  which  Bradley 
has  entered  in  the  Greenwich  book  :  "  The  refractions  in  all  altitudes  above  5"  are  nearly 
"  as  the  tangents  of  the  apparent  distances,  lessened  by  about  three  times  the  refrac- 

•       (  in  summer       „    rr*t  *  *  •         ^,  . 

tion ; )  .      ,  .      Iherc  are  no  means  oi  ascertaining  precisely  the  time  when 

|  in  winter 

this  was  drawn  up;  in  the  beginning  ofr  1753,  he  certainly  had  not  satisfied  himself  on 
the  subject,  but  in  writing  to  La  Caille  about  1757,  he  speaks  with  more  confidence  when 
he1  refers  to  the  same  fundamental  quantities.  Below  5*  indeed  of  altitude,  there  arc 
still  great  difficulties  in  all  attempts  to  reduce  the  refraction  to  precise  roll's* ;  but  there 
is  another  remarkable  circumstance,  for  Bradley  evidently  considered  at  first  that  the 
coefficient  might  be  variable  which  was  to  be  applied  to  the  quantity  of  refraction  sub- 
tracted from  the  apparent  zenith  distances.  It  is  possible,  however,  that  this  might  have 
been  occasioned  by  an  attempt  to  introduce  the  correction  for  temperature  into  this  part 
of  his  formula,  which  he  afterwards  applied  to  the  whole  quantity. 

The  mean  refraction  at  45*  being  nearly  1',  Bradley  look  his  constant  of  57"  from 
45"  3';  because  at  that  apparent  altitude  the  tangent  of  (Z.  D.  —3  r)  might  be  considered 
as  unity,  and  it  then  remained  for  him  to  settle  the  corrections  which  must  be  applied  to 
the  changes  in  the  state  of  the  atmosphere. 

He  seems  from  the  beginning  to  have  considered  the  refraction  as  proportional  to  the 
height  of  the  mercury  in  the  barometer,  and  to  have  found  no  reason  for  altering  his 
estimate  of  this  ratio.  In  settling  his  coefficient  for  heat  and  cold,  we  find  nothing 
which  can  determine  whether  Bradley  began  by  instituting  any  origins 
on  die  subject.  He  seems  to  have  set  out  with  an  estimate  of  the  air's 
tracted  one  part  in  450b,  by  a  variation  of  temperature  equivalent  to  1*  of  Fahren- 
heit's scale,  ami  afterwards  to  have  introduced  such  modifications  as  would  best  ac- 


■  p.  120.  "  serrations,  ancient  and  modem,  and  inferred 

■  Vol.  L1V.  p.  2fi5.  See  also  vol.  LXXVIl.  "  many  deductions  from  Dr.  Bradley's  obscrva- 
p,  157.  "  tions  in  particular." 

»  See  P.  483.   Mr.  Howe,  from  whom  the  »  V.  4'J6. 

letter  is  written,  is  described  by  Dr.  Maskelyne  *  Dclambre,    Astronomic,  vol.  I.  p.  318, 

(Expl.  and  Use  of  Tables,  p.  ix.)  as  "  an  inde-  320. 

"  fatigable  and  accurate  calculator,  who  bad  b  Greenwich  MS, 
"  made  a  variety  of 
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commodate  the  quantity  of  elasticity  to  the  effects  which  he  detected  in  his  observa- 
t"  n 

The  following  numbers  which  were  found  on  a  loose  piece  of  paper  will  illustrate  the 
method  by  which  he  proceeded. 


Th. 

SO  Th. 

39$ 

2  46,4 

2  41,8 

42* 

2  44,7 

41,7 
40,9 

32 

43,6 

51 

2  40,5 

69  30,5 

48 

2  39,5 

38,7 

70  30,5 

22 

50,5 

504 

2  41,7 

41,5 

66  31,2 

32 

49,8 

ft  \ 

69 

2  30,5 

38,1 

69  32,7 

28 

47,2 

70 

2  30,5 

38,5 

62  36,6 

32 

46,8 

32 

2  43,6 

36,4 

11,5 

34 

46,0 

22 

2  50,5 

39,4 

67,2  2  32,8 

24 

48,5 

32 

2  49,8 

42,0 

5x,4 

a  A*t  0 
Ss  47 ,x 

32 

2  46,8 

39,6 

34 

2  46,0 

39,6 

44 

2  40,6 

38,2 

664 
69 

2  31,2 
2  32,7 

37,7 
40,2 

59 

2  37,2 

40,8 

61* 

2  36,6 

41,2 

24 

2  48,5 

38,2 

67,2 

2  32,3 

29,0 

2  47,5 

These  give  y =354 

350+ <  :  B  :  :  (7T'J  or)  77',6  :  m 
Suppose  it  350  +  1 :  B  :  :  78"  :  m  and  n=3J." 


There  is  a  paper  book,  on  which  is  written,  "  Observed  refractions;"  from  which  it 
ap[>cars  that  the  quantities  in  the  second  column  were  adapted  to  70'  of  zenith  distance, 
and  were  deduced  from  observations  of  stars,  which  passed  under  the  pole  nearly  in  that 
situation.  With  the  exception  of  the  last,  they  were  all  made  between  Oct.  25, 1750,  and 
July  24,  1753,  and  consequently  with  Bird's  quadrant.  The  latest  date  in  the  book  is 
Feb.  7, 1754,  which  at  least  marks  the  period  before  which  the  calculations  were  not  com- 
pleted. It  would  have  been  tedious,  and  in  this  case  superfluous,  to  make  distinct  computa- 
tions0 for  each  observation.  Bradley  contented  himself  with  taking  the  two  extremes  of 
temperature  when  the  differences  in  each  case  did  not  exceed  10°,  and  the  numbers  by 
the  side  give  the  means  of  the  greatest  and  least  heights  of  the  thermometer,  and  of  the 
refractions  which  belong  to  them.  The  quantity  was  thus  found  for  67*,2  to  be  ft  82",S 

«  P.  418. 
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and  for  29,0°  to  be  2/  4T,5,  which  fundamental  determinations  having  been  made,  it 
followed  from  y  + 29  :  y  +  67,2  : :  152  ,8  :  167',5  that  y  would  be  equal  to  354*.  77"$ 
7T,6  or  78"  was  the  result  of  multiplying  into  the  number  of  seconds  which  were 
equal  to  the  refraction  at  45*  3'  at  the  standard  heights  of  the  thermometer  and  baro- 
meter. For  B  is  the  height  of  the  barometer  in  tenths  of  inches ;  and,  according  to  the 
laws  assumed  for  the  variation,  we  have  (350 -H)  x  296  :  400  x  B  : :  the  mean  refraction 
at  45*  3'  :  n»,  or  the  real  quantity  for  t  and  6.  Hence  350 +  (  :  B  : :  refraction  at 
45°  3  x  4 %%  :  m.  It  appears,  therefore,  that  Bradley  was  now  hesitating  whether  for 
the  mean  quantity  he  should  adopt  5T',35  or  57', 42  or  57",72. 

At  the  Oxford  observatory  there  are  a  number  of  manuscript  books  and  papers  of 
Charles  Mason,  as  well  as  many  of  his  letters  to  the  late  Dr.  Hornsby.  In  one  of  these, 
dated  July  27,  1774,  he  says,  "  in  computing  the  refraction,  Dr.  Bradley  made  use  of 
"  the  mean  of  the  thermometers  within  and  without,  (v  taking  half  the  sum;)  and  then 
"  the  general  rule  followed  was,  as  350  +  the  thermometer  :  the  barometer  : :  the  constant 
"  number  77"  to  the  refraction  at  45*  3',  then  as  rad.  to  that  at  45"  3' : :  tang,  zenith 
"  diat.  lessened  by  three  times  the  refraction  :  the  refraction  required  c.  This  rule  was,  I 
"  believe,  partly  deduced  from  observations,  and  partly  from  Mr.  Simpson's  (late  of 
"  Woolwich)  theory.  But  I  very  well  remember  Dr.  Bradley's  paying  Mr.  Simpson  a 
"  visit  in  the  year  59  or  60,  however  it  was  after  the  lunar  computations  were  nearly 
"  gone  through,  that  the  Dr.  at  his  return  told  me  they  hud  had  some  discourse  on  the 
"  subject  of  refraction,  and  that  Mr.  Simpson  rather  supposed  that  the  thermometer  in 
"  the  open  air  only  should  be  used.  But  I  believe  (though  am  not  sure)  the  Dr.  con- 
"  tinued  his  computations  as  before."  Mason  in  a  note  on  the  rule  says,  that  it  "  is 
"  supposed  to  hold  good  to  75*  from  the  zenith  }*  and  he  goes  on  in  his  letter  to  say, 
"  Dr.  Bradley  took  no  notice  of  any  inequalities,  besides  those  of  refraction  and  parallax, 
"  in  reducing  the  sun's  true  zenith  distances  about  the  time  of  the  equinoxes,  that  I 
"can  remember:  but  I  have  not  one  operation  by  me,  though  I  made  many  hun- 
»  dreds." 

Bradley,  for  the  ease  of  calculation,  endeavoured  to  avoid  fractional  quantities,  more, 
possibly,  than  the  nature  of  his  subject  would  always  admit,  and  his  coefficients  have 
therefore  been  the  subject  of  subsequent  revision ;  but  the  simplicity  and  compactness  of 
his  formula,  combined  with  its  near  approximation  to  the  truth,  have  preserved  its  use, 
even  when  more  elaborate  investigations  have  been  applied  to  the  parts  of  the  problem 
that  are  of  greater  intricacy'. 

Bradley  did  not  always  enter  the  heights  of  the  barometer  and  thermometer  with 
the  regularity  with  which  they  are  inserted  in  the  registers  of  modern  observations; 


*  From  this  value  of  y  the  third  column  is  order  to  subtract  the  required  quantity  from 
calculated;  354  +  50  :  354  +  39,5  : :  yf  46", 4  :  the  apparent  zenith  distance;  but  if  fur  this 
2'4I",8  &c.  &c.  purpose  the  value  is  taken  at  first  from  any 

*  This  is  very  nearly  the  same  as  given  by  table,  the  result  will  come  out  so  near  the 
Dr.  Maskelyne  in  the  Phil.  Trans,  vol.  LXXVII.  truth,  that  by  subtracting  the  triple  of  it  and 
p.  156,  157.  repeating  the  operation,  the 

'  The  rule  seems  to  require  that  the  refrac-  found  by  a  quick  approximation, 
tion  should  in  the  first  instance  be  known,  in 

in 
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and  before  1750  we  never  find  them  noticed  at  all  for  any  of  the  fixed  stars.  They 
are  always  given  with  the  sun's  transit,  but  it  should  seem  without  any  intention  of 
applying  them  to  the  present  object.  Their  being  annexed  to  those  very  observa- 
tions, which  are  independent  of  refraction,  would  raise  this  suspicion,  but  there  is 
another  circumstance  which  confirms  it.  When  conqiarisons  of  the  time  are  regis- 
tered between  the  quadrant  and  transit  clocks,  the  heights  of  the  thermometer  and 
barometer  are  entered  in  the  same  manner  as  at  the  sun's  transit ;  it  seems  probable, 
therefore,  that  the  primary  object  was  to  judge  of  the  rate  of  the  clock  and  of  the  effects 
which  the  changes  in  the  temperature  and  density  of  the  atmosphere  might  have  upon 
the  pendulums. 

In  the  Greenwich  manuscript  there  is  the  following  entry :  "  Memor.  4  the  sum  of  the 
"  observed  zenith  distances  of  the  pole  star  will  differ  but  TV  of  a  second  from  the  app. 
"  x.  distance  of  the  pole,  M 

50,98 

44,13 

95,11 
47,56 
47,46 

0,1  " 

When  therefore  the  refractions  were  settled,  there  could  be  little  difficulty  in  Bradley's 
deducing  the  latitude  of  the  place  from  the  series  of  his  observations  on  the  pole  star. 
In  a  paperh  which  Dr.  Hornsby  communicated  to  Dr.  Maskelyne,  lie  has  shewn  that 
this  quantity  by  the  new'  quadrant  came  out  51°  28'  38"  j,  and  by  the  old  quadrant 
with  the  new  divisions  51'  28'  41"*,  the  mean  of  which  is  51'  2#  40",  only  }  a  second 
more  than  he  had  found  it  by  anotherk  method,  and  exactly  what  it  would  have  been 
if  in  his  calculations  by  that  method  he  had  used  the  true1  quantity  of  the  sun's 
parallax. 

M.  Cassini  being  desirous  that  the  coasts  of  England  and  France  should  be  united 
by  trigonometrical  measurements,  had  ventured  to  state  that  the  latitude  of  Greenwich 
was  uncertain  tom  15".    Dr.  Maskelyne  drew  up  a  valuable  paper  in  reply  to  his 


*  The  same  practice  of  annexing  the  heights 
of  the  barometer  and  thermometer  to  the  sun's 
transits,  was  continued  in  Bradley's  later  ob- 
servations, though  they  are  not  inserted  there  in 
the  printed  books.  The  Shirburn  observations 
contain  the  same. 

11  P.  78,  and  Phil.  Trans,  vol.  LXXVII. 
p.  1 60.  The  original  ought  to  be  at  Oxford, 
for  it  appears  that  only  a  transcript  was  com- 
municated of  it;  search  therefore  was  parti- 
cularly made  for  it,  but  without  success. 

1  This  is  said  to  hare  been  "  after  the  new 
"  quadrant  was  balanced,  Nov.  24,  1750."  Bird 
mentions  the  counterpoise  in  his  first  construc- 
tion of  the  instrument,  to  hare  been  so  arranged 


with  unequal  weight  on  the  centre,  the  defect 
"  was  observed  by  Dr.  Bradley,  (whose  vigi- 
"  lance  scarce  any  thing  escaped,")  and  was 
then  remedied.  (Bird's  Const,  of  M.  Q.  p.  18.) 
This  would  seem  to  answer  to  the  balancing 
here  alluded  to,  but  the  expression  used  in  the 
observation-book  at  the  time  creates  a  difficulty ; 
it  is  that  "  the  telescope  of  the  quadrant  was 
"  balanced,  so  that  the  plumbline  seemed  to  be 
"  the  same  in  all  positions  of  it ;"  whereas  the 
plumbline  was  attached  to  the  strong  frame  of 
the  instrument,  and  was  unconnected  with  the 
telescope. 

k  P.  Ixxxvi.  and  76.       1  P.  lxxxvi.  note 
■  Phil.  Trans,  vol.  LXXVII.  p.  151. 
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ertion,  and  we  are  indebted  to  it  for  much  of  our  information  on  the  present  subject. 
He  adds  "  the  results  of  246  observations  of  his  own,  made  between  1 765  and  1 771 ,  from 
the  mean  of  which  he  brought  out  the  latitude  of  the  observatory  51*  28  41  ",3;  and  by 
correcting  Dr.  Bradley's  for  the  sun's  parallax  as  determined  from  the  transit  of  Venus, 
he  makes  it  51°  28  40",7;  so  that  the  uncertainty  may  be  conceived  to  lie  within 
narrow  limits.  Bessel,  in  his  invaluable  work0,  after  a  laborious  application  of  all  the 
resources  of  modern  analysis  to  Bradley's  meridian  observations,  concludes  by  saying, 
"  quamobrvm  fidenter  ponere  licet  Grenovici  clevationem  poli=51*  28  89",56  >"  and 
Mr.  Pond,  from  720  observations  in  which  he  had  combined  the  action  of  his  two  mural 
circles,  concludes  it  to  be  P51*  28'  39",0.  This  is  only  half  a  second  more  than  Brad- 
i  from  his  observations  with  Bird's  quadrant. 

CHAP.  XI. 

granted  from  the  crown  of  250/.  per  ann.— Greenwich  observations — Comets  of  1757 
and  1759 — Directions  for  use  of  the  micrometer — Lunar  tables — Longitude  by  lunar  distances 
— Resignation  of  the  Readership  in  Experimental  Philosophy — Transit  of  Venus — Termina- 
tion of  Bradley's  scientific  labours. 

UPON  the  accession  of  George  II,  in  1727,  Queen  Caroline  visited  the  observatory 
at  Greenwich,  and  was  much  gratified  with  all  she  saw.  She  reminded  Halley  of  his 
having  formerly  borne  the  king's  commission,  and  procured  him,  for  the  remainder  of 
his  life,  the  enjoyment  of  half-pay  as  a  'icommandcr  in  the  navy.  The  stipend,  however, 
of  Astronomer  Royal  received  no  increase,  and  Bradley  when  he  accepted  the  office  in 
1742,  became  entitled  to  no  more  than  the  lOOi.  per  annum,  which  had  been  originally 
assigned  to  Flamsteed,  and  which  was  considerably  reduced  by  the  fees  deducted  from 
it  at  the  public  offices.  It  seems  to  have  been  on  this  account,  as  well  as  out  of  personal 
regard,  that  Mr.  Pelham  offered  htm  the  vicarage  of  Greenwich.  His  refusal  of  this  offer 
has  been  already  'mentioned,  and  the  sacrifice  was  made  up  to  him  by  a  pension'  from 
the  crown.  This  he  most  probably  owed  to  the  good  offices  of  the  same  kind  friend,  who 
would  have  procured  him  the  living;  for  that  had  become  vacant  in  the  month  of 'May  1751, 
and  the  warrant  for  the  250/.  per  ann.  to  be  paid  to  him  quarterly,  during  his  majesty's 
pleasure,  was  given  under  the  privy  seal  on  the  15th  of  February  1752,  and  was  to 
reckon  from  the  preceding  Christmas.  In  the  instrument  it  was  stated  that  the  king 
was  pleased  to  grant  this  pension  "  in  consideration  of  the  great  skill  and  knowledge  of 
"  our  trusty  and  well-beloved  James  Bradley,  doctor  in  divinity,  in  the  several  branches 
"  of  astronomy,  and  the  other  parts  of  mathematics  which  have  proved  so  useful  to  the 
"trade  and  navigation  of  the  t 


■  Phil.  Trans,  vol.  LXXVII.  p.  1C5.  Classe  des  Sciences  Math,  et  Phys.  dc  1'Inat.  de 
"  Fundaments  Astronomic,  p.  25.  France,  annee  1811,  there  is  an  account  of  the 
»•  Mem.  of  the  Astr.  Society,  vol.  II.  p.  529.  life  and  works  of  Maskelyne,  in  which  we  find, 
*  Biog.  Brit.  1757,  vol.  IV.  p.  2515.  at  p.  Ixx.  the  following  passage:  "  On  raconte 
'  P.  viii.  "  que  la  reine  d'Angleterre,  frapp^e  de  la  modi- 
'  Suppl.  to  the  biographical  Diet.  p.  57.  "  cite  du  traitcment  alloul  a  lastrononve  royal 
1  Loud.  Mag.  1751,  p.  23ft.  "pour  un  travail  si  penible,  avail  offert  de 

■  InibeXllthvolumeoftbeMemoiresdela  "  l  augmenter.    Bradley  s  y  oppoaa,  dans  la 

m  2 
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This  addition  to  his  income*  was  well  deserved  by  Bradley's  previous  merits,  and 
was  justified  by  his  subsequent  continued  services.  Even  if  he  had  only  left  us 
the  Greenwich  observations,  his  fame  might  have  rested  on  the  care  and  skill  which 
they  exhibit.  Delambre  seems  much/  displeased  at  Bradley's  having  been  called 
"  vir  incomparabilis""  with  any  reference  to  them.  Amongst  other  objections,  he  says, 
"  Qui  sait  d'ailleurs  si  toutes  ces  observations  sont  tie  Bradley  ?  nous  n'avons  pas  ce 
"  doute  en  lisant  celles  de  La  Caillc;  il  n'avait  point  d'assistant."  This  is  all  true,  and  it 
is  impossible  that  the  doubt  can  ever  now  be  removed,  for  the  observations  were  not  of 
necessity  copied  into  the  books  by  the  same  person  who  made  them,  and  the  difference 
of  handwriting  will  lead  to  no  conclusion.  But  the  excellence  of  the  system  which 
Bradley  introduced,  consisted  much  in  taking  distinct  observations  with  those  instru- 
ments which  admitted  of  the  best  adjustments  either  for  right  ascension  or  altitude ;  and, 
l»oth  for  the  continuance  of  labour  and  the  accuracy  in  the  performance  of  it,  a  great 
advantage  is  always  derived  from  the  same  individual's  not  being  hurried  by  different 
objects,  which  interfere  with  each  other.  If  the  meridian  observations  were  to  be 
carried  on  simultaneously  at  the  transit  and  the  quadrant,  it  became  necessary  for  the 
astronomer  Hoyal  to  employ  an  assistant.  But  the  assistants  were  trained  by  himself,  and 
acted  under  his  control ;  he  was  answerable  for  the  performance  of  their  duties,  and  he 
therefore  had  a  right  to  connect  their  labours  with  his  own. 

The  Greenwich  observations  for  twelve  years  (1750 — 1762)  have  been  published,  and 
occupy  981  large  folio  pages :  their  number  cannot  be  less  than  60,000.  Before  they  were 
printed,  Mason  calculated  a  catalogue  of  387  fixed  surs  from  them,  which  is  annexed  to 
the  Nautical  Almanack  for  1773,  and  formed  the  basis  of  that  which  Horosby  afterwards 
inserted  in  the  1st  volume1  of  the  Observations.  With  theseMason  was  well  acquainted, and 
he  says,  in  the  letter  which  has  been  before^  referred  to,  "  If  your  good-nature  will  ex- 
"  cuse  my  freedom,  I  will  beg  leave  to  observe  to  you  that  I  have  seen  one  of  the  greatest 
"  of  men  lost*.  Some  poor  faithful  hand  might  have  been  found,  that,  drove  by  necessity, 
H  would  gladly  for  about  30/.  a  year  have  reduced  Dr.  Bradley's  observations  one  year 
"  under  another,  and  placed  them  in  form  proper  to  have  appeared  in  the  annals  of 
"  fame  for  ever."  M.  Delambre  saysc,  "jamais  je  n'ai  trouvt-  le  calcul  d'une  observa- 
"  tion  ennuyeux,  quand  il  est  fait  le  jour  mime:"  and  Mason  (for  he  probably  means 
his  own  faithful  hand)  might  have  done  all  which  he  professes  if  he  had  been  enabled  to 
undertake  it  successively.  He  would,  however,  have  hardly  done  it  so  well  as  M.  Bessel, 
who  applied  himself  to  the  whole  of  this  vast  work  at  once :  although  Mason  was  a  labo- 
rious computer,  he  had  not  the  science  necessary  for  such  an  undertaking  as  the  com- 

'■  craintc  que  la  place  d'astronome,  si  die  vulait  1  The  grant  was  renewed  to  Bradley  after 

quelque  chose,  no  fut  plus  donnee  a  un  astro-  the  death  of  George  the  Second,  and  was 

"  nomc."    This  could  not  be  easily  reconciled  continued  to  Bliss  and  Maskelyne,  who  suc- 

with  his  acceptance  of  the  pension  from  the  ceeded  as  Astronomers  Hoyal.  George  the  Third 

crown ;  but  the  truth  is,  that  no  such  circum-  was  too  munificent  a  patron  of  science,  to  with- 

stances  could  have  occurred  to  Bradley.  Queen  draw  an  encouragement  which  was  so  well 

Caroline  died  five  years  before  he  was  Astrono-  merited  and  so  justly  applied, 

mer  Royal,  and  when  there  was  another  Queen  >  Histoirede  I'Astron.  au  xviii  siecle,  p.  426. 

of  England,  by  the  marriage  of  George  the  *  p.  xxxviii — xlv. 

Third,  in  1761,  the  deficiency  of  the  stipend  *  "  His  own  loser."          b  P.  lxxxix. 

no  longer  existed.  «  Astronomie,  vol.  III.  p.  245. 
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position  of  the  Fundament*  Agronomist"1.  The  element*,  likewise,  are  now  better  under- 
they  were  sixty  years  ago,  and  although  it  created  a  more  serious  call  on  the 
perseverance  of  the  calculator,  he  has  been  much  better  able  to  bring  out 
his  mean  results  from  an  investigation  of  the  whole  together,  than  could  have  been  done 
for  separate  years. 

The  meridian  observations  constituted  the  regular  business  of  the  observatory,  but 
although  Bradley  followed  them  with  diligence,  be  was  not  drawn  off  by  this  part  of  his 
pursuit  from  others  which  were  connected  with  it.  The  comets  of  1723,  37,  42,  44,  48, 
had  all  in  their  turns  been  the  objects  of  his  particular  attention ;  and  there  is  in  one  of 
the  books,  a  number  of  calculations  to  determine  the  orbit  of  the  comet  of  1707.  He 
also  c communicated  to  the  Royal  Society  a  particular  account  of  that  which  appeared  in 
1757.  There  are  two  manuscript  copies  of  the  paper ;  one  in  the  British  Museum,  which, 
as  it  belongs  to  Dr.  Birch's  collection,  was  probably  that  which  was  actually  read  ;  and  the 
other  at  Oxford.  This  last  is  the  rough  draught,  and  there  are  a  number  of  loose  papers 
in  it  containing  particulars  of  the  observations  and  some  of  the  calculations  by  which  he 
traced  out  its  elements.  These  are  not  so  extensive  as  what  we  find  for  the  comets  of 
1723  and  1737.  Practice  must  have  made  him  more  ready  in  eliciting  the  quantities 
which  he  had  to  determine,  and  we  have  seen'  that  La  Caille  reports  him  to  have  found 

d  Tbere  is  one  subordinate  part  of  this  valua- 
ble work,  on  which  it  may  not  be  superfluous 
to  stsie  what  has  occurred  from  an  examination 
of  the  original  manuscripts.  The  author  at 
p.  282-3  gives  a  list  of  -18  observations,  which 
he  found  to  be  discordant  from  the  known  places 
of  the  fixed  stars.  From  a  careful  collation  of 
these,  some  variations  have  been  observed  in 
the  following  instances  between  the  originals 
and  the  printed  copies. 

17.  The  hesitation  and  doubt  about  this  star 
is  hardly  seen  as  the  observation  is  printed.  It 
was  at  first  described  us  38,  which  has  been  struck 
out,  and  "  not  a  catalogue  has  been  written 
against  it.  And  for  the  following  line,  40  had 
been  written,  but  39  was  afterwards  substi- 
tuted, and  then  "  qr.  39"  has  been  added. 

20.  In  the  margin  is  written  with  a  pencil, 
but  not  by  Bradley,  "Q.  41'  17"." 

30.  A  cross  is  made  on  the  beginning  of  the 
line,  and  against  d  Aquike  is  affixed  "  q." 

32.  TbU  observation  ought  not  to  have  been 
printed,  it  was  originally  written  25  574, 
56+,  which  has  been  altered  to  25  56+,  26  36+, 
all  the  pen  was 


annexed  to  it.  The  pen  has  been  drawn  I 
it  in  the  original. 

48.  There  is  some  little  doubt  with  I 
to  the  observation  which  is  here  referred  to  : 
1751,  (or  Nov.  25.  o.  s.)  there  is  the 
of  a  small  star,  to  which  P.  D.  6-  2© 
is  affixed,  answering  to  83'  40'  of  north  declin. 
Now  this  is  a  press  error  for  62"  20",  and  the 
bracket  does  not  connect  it  with  Andromeda 
in  the  MS.,  although  the  R.  A.  and  real  declina- 
tion brings  it  into  that  constellation.  On  the 
other  hand,  this  article  48.  is  referred  to  23h. 
50'  59"  (the  observed  R.  A.  of  85  l'egasi) 
in  the  corrections  of  Bradley's  observations, 
which  were  communicated  by  Besael  to  the  late 
Board  of  Longitude,  and  printed  in  the  same 
volume  with  Mayer's  Observations.  This  last, 
however,  is  probably  a  mistake  I  and  it  may 
not  be  amiss  to  correct  another  which  the 
printer  has  committed  in  note  *  on  the  last 
page,  by  seuing  up  10  and  20  in  the  place  U 
and  2*. 

In  Connaissance  des  Terns  for  1821,  Burk- 
hardt  published  his  remarks  on  these  48  ob- 
servations, and  expresses  (p.  3 1 0)  his  suspicion 


^4  l.JtIO'  W  is  written  i^thc  margin  l 

polar  distance,  and  confirms  Burkhardt's  opin- 
ion of  its  being  the  919th  of  Mayer. 

44.  This  observation  ought  to  have  been 
le  Q  which  the  i 


nave  Deen  care  tuny  examined  ana  tne  printed 
text  was  found  to  agree  accurately  with  the 


manuscript. 
«  P.  53 


•P.: 
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all  the  elements  of  the  comet  of  1742,  before  it  had  ceased  to  be  visible.  In  the  same 
volume  of  the  Phil.  Trans.,  in  which  Bradley's  paper  is  printed,  there  is  a  letter  to  him 
from  Klinkenbergs  on  this  same  comet  of  1757.  It  contains  some  observations,  in 
which,  however,  he  had  not  sufficient  confidence  to  think  them  worth  the  trouble  of 
calculation.  He  tried  the  problem  only  graphically,  and  made  a  tolerably  near  ap- 
proximation to  the  truth.  His  success  in  this  respect  is  the  most  curious  part  of  his 
dissertation,  but  it  is  of  no  further  value ;  since  Bradley's  elements  had  been  previously 
settled  from  his  own  olwervatioiw,  which  Pingre  ►> considered  to  be  decidedly  the  best 
which  were  made  of  this  comet. 

In  1759,  all  the  astronomers  of  Europe  were  anxiously  looking  out  for  the  return  of 
Halley's  comet,  and  Bradley  undoubtedly  observed  it  very  frequently.  It  is  mortifying, 
however,  for  us  to  be  able  to  derive  comparatively  little  benefit  from  his  labours  on  this 
interesting  subject.  Lalande'  has  preserved  one  of  his  observations,  and  eleven  more  have 
been  found  among  his  papers'1,  which  are  now  printed ;  but  these  arc  certainly  not  all 
which  he  made.  Among  the  manuscripts  at  Greenwich  there  is  a  loose  scrap  of  paper 1 ; 
the  top  of  it  is  torn  off,  but  d»e  remainder  contains  the  following  part  of  a  note  in  Brad- 
ley's handwriting. 

•  ••»•• 

"  to  be  seen  till  die  moon  get  near  it  again.    Wc  observed  here  again  last  night,  and 
"  compared  it  with  the  same  star  as  the  night  before,  which  was  22d  Sextantis. 
"  The  elements  which  I  have  assumed  are  as  under : 
"  Time  of  the  perihelion,  March  13th,  lOh. 
"  The  place  of  the  ascending  node...l«  23'  SO" 


"  The  inclination  of  the  orbit   18  0 

"  The  log.  of  the  per.  dist.   9,7659 

"  The  log.  of  the  diurnal  motion  ...  0,3113 

"  The  perihelion  after  the  node   lll'lC 

"  or  before  the  descending  node   68  50    J.  B." 


These  elements  identify  the  comet  to  which  they  refer,  and  the  star  shews  that  the  note 
was  written  in  the  middle  of  May  1759:  indeed  Messier™  compared  the  comet  with  22d 
Sextantis  from  the  14th  to  the  17th  of  that  month,  but  this  star  is  not  mentioned  in  any 
of  the  observations  printed  in  the  present  volume.  Lalande's  observation  of  the  1st 
of  May,  differs  likewise  by  an  hour  from  that  which  we  now  have  in  addition  to  it  for 
the  same  day,  and  every  thing  conspires  to  prove  that  these  are  only  a  part,  and  possi- 
bly a  small  part,  of  what  might  have  been  preserved  under  more  favourable  circum- 
stances. 

The  second  observation  on  the  25th  of»  May,  suggested  a  hope  of  there  being  more 
i  Vol.  L.  p.  483.  p.  413-14. 

h  Cometographie,  vol.  II.  p.  62.  "  P.  380.  A  Greenwich  observation  of  the 

>  Mem.  de  I'Ac.  Roy.  des  Sciences,  1 759,  30th  of  April  is  written  after  it.  These  two 
p.  35,  36.  last,  together  with  the  longitudes  and  latitudes, 

■  P.  379.  1  In  the  book  marked  N°.  176.  were  written  by  Bradley,  the  rest  is  in  Mason's 
m  Mem.  de  I'Ac.  Roy.  des  Sciences,  1760,  hand. 
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to  be  found  among  the  Shirburn  observation*,  and  there  is  the  following  entry  in  the 
transit  book  :  "  1/  May  8.  5h.  C  0"  The  letter  from  Mr.  Bliss  (dated  the  1st,)  of  the 
"  account  of  the  comet,  did  not  come  till  now,  and  the  evening  was  cloudy,  the  comet 
"  could  not  be  seen."  This  gives  us  the  time  when  it  began  to  be  seen  in  England,  but 
nothing  more.  At  Shirburn,  as  well  as  in  Bradley's  time  at  Greenwich,  the  observations 
of  comets  were  written  on  separate  loose  pieces  of  paper,  instead  of  being  entered  in  the 
books ;  and  to  this  we  may  attribute  the  loss,  which  in  both  instances  has  occurred,  in 
1759. 

Although  every  thing  which  Bradley  did  has  a  value  in  itself,  there  were  so  many 
observers  in  the  middle  of  the  eighteenth  century,  and  the  return  of  this  comet  was  an 
object  of  such  intense  curiosity,  that  the  loss  is  less  severe.  For  more  distant  periods 
any  addition  to  our  slock  of  observations,  though  inferior  individually  in  value,  becomes, 
from  the  previous  scarcity,  of  greater  importance.  Some,  therefore,  have  been  printed 
in  the  Appendix,  which  were  taken  when  this  comet  appeared  in  1607. 

The  account  of  the  comet  of  1757  was  read  before  the  Royal  S<iciety  on  Dec.  22.  of 
that  year:  it  was  published  in  the  fiftieth  volume  of  the  Philosophical  Transactions,  and 
will  be  found  in  the  present0  collection.  It  was  the  last  communication  which  Bradley 
himself  gave  to  the  world  :  the  "  Directions  F  for  the  use  of  the  micrometer"  were  found 
among  his  paj>crs  by  Dr.  Maskelyne,  and  printed  in  ITU"*.  Halley  mentions',  that  in 
1719,  when  Mars  was  in  opposition,  Pound  and  Bradley  observed  its  situation  by  means 
of  Cassini's  method*,  and  the  improvement,  which  Bradley  made  on  the  construction  of  it, 
may  be  seen  in  Smith's1  Optics.  This  was  "  the  new  contrived  micrometer"'  which  was 
finished  in  "Jan.  1721,  and  with  which  he  made  his  observations  of  Mars  in  the  follow, 
ing  October.  Lemonnier*  mentions  that  Bradley  used  it  for  his  observations  of  the  comet 
of  1728,  which  were  made,  as  it  is  expressed  in  his  Ladnr  lecture,  "  ope  micrometri  arti- 
«  fidosissimi."  The  Directions,  however,  apply  not  to  this  instrument,  but  to  another 
kind  of  micrometer  which  consisted  of  two  parallel  threads,  the  one  fixed,  and  the  other 
attached  to  a  frame,  in  which  it  was  moved  by  a  screw  between  two  grooves  that  directed 
its  motion.  Smith's  Optics,  in  *  which  Bradley's  improvements  of  this  instrument  arc  men- 
tioned, were  published  in  1738;  and  the  directions  arc  calculated  for  the  form  "  *as  now 
"  contrived it  is  probable,  therefore,  that  the  paper  is  of  a  very  early  date.  The 
construction  of  modern  instruments  makes  the  rules  for  this  kind  of  micrometer  of  less 
practical  advantage,  but  the  particulars  are  valuable,  because  they  are  in  fact  a  descrip- 
tion of  Bradley's  method1*  of  observing  with  it. 

These,  however,  were  only  occasional  additions  to  the  regular  work  of  the  observa- 
tory, there  was  a  much  heavier  labour  of  longer  duration,  for  winch  the  country  is  more 
indebted  to  Bradley  than  he  has  ever  had  duly  acknowledged— labour  to  which  he  gave 
up  those  years  of  declining  life,  in  which  he  might  have  been  entitled  to  the  quiet  enjoy- 
ment of  his  well-earned  fame.    The  great  use  to  be  derived  from  the  moon's  motion  in 

•  P.  53.  «>  P.  70.  r  P.  x.      «  \.  878.      •  P.  70. 

i  Phil.  Trans,  vol.  LX11.  b  Compare  P.  7 1  with  P.  358,  376  note  f ; 

•  P.  nr.       •  Phil.  Tr.  vol.  XX.  p.  16.  P.  72  with  P.  359  ;  P.  71,  73  with  P.  357. 

•  f.  876.         »  P.  350.  367,  and  P.  73  with  P.  376,  note  r. 

•  Theorie  des  Coroetes,  p.  9 1 .  and  note  p.  1 25. 
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determining  the  longitude,  was  admitted  long  before  any  practical  use  could  be  made  of 
It  The  two  principal  impediments  were  the  want  of  a  proper  instrument  for  making 
the  necessary  observations,  and  the  deficiency  of  the  tables  of  the  moon.  The  first  had 
made  Halley  confine  his  ^attention  on  this  point  to  the  appulses  and  occultations;  but  it 
was  removed  by  the  introduction  of  Hadley's  sextant ;  and  Bradley  immediately11  per- 
ceived the  use  which  might  be  derived  from  it  in  finding  the  longitude  at  sea,  "  if  ever 
"  the  moon's  theory  be  completed.'*  This  other  difficulty  did  not  admit  in  the  same 
manner  of  being  at  once  removed.  In  the  preface  to  Halley 's  Tables,  they  are  said  to 
have  been  printed  off  in  1719.  This  is  not  quite  accurate ;  for  at  a  meeting  of  the  Royal 
Society  on  the  2d  of  June,  1720,  he  exhibited  "  «his  tables  and  discourse  upon  the 
"  motions  of  comets,  being  the  last  sheets  of  his  book  of  astronomical  Tables  almost 
M  ready  to  be  published."  He  was,  however,  now  become  Astronomer  Royal,  and  the 
opportunity  of  verifying,  and  die  hopes  of  improving  his  calculations,  induced  him  to 
keep  them  by  him  for  tl>e  remainder  of  his  life.  They  were  not  therefore  published  till 
some  years  after  his  death,  when  certain  portions  were  cancelled,  and  the  precepts  for 
the  rest  were  supplied  by  f  Dr.  Bcvis  and  Mr.  Raper.  Halley  neglected  several  of  the 
equations  for  the  moon  from  their  values  being  small,  and  during  the  earlier  period  of  astro- 
nomy involved  in  uncertainty.  His  Tables,  therefore,  were  not  to  be  depended  upon 
s  within  1';  Newton  hwas  of  opinion,  that  if  he  had  introduced  all  the  equations  and 
increased  the  longitudes  by  l'J,  he  would  have  come  very  nearly  to  exactness  in  his 
results.  Notwithstanding  this  abridged  form  which  was  given  to  the  Tables,  La  Caillc,  in 
1744',  expressed  to  Bradley  his  regret  at  not  having  hod  the  advantage  of  being  able  to 
use  them,  and  in  1748k  he  was  again  inquiring  after  them.  Euler,  however,  had  published 
lunar  tables  in  1745,  of  which  he  sent  a  copy  to  Bradley';  and  there  is  at  Oxford  a  letter 
of  his  to  Gael  Morris,  from  the  beginning  of  which  we  may  see  the  view  which  he  had  him- 
self taken  of  them.  He  says,  "  Quod  tabulas  meas  1  una  res  non  solum  ad  cxamen  revo- 
"  care,  sed  etiam  exquisitissimas  obscrvaliones  Bradlcianas  mecum  communicarc  volueris, 
"  id  equidem  gratissimo  auimo  agnosco :  neque  admodum  miror  ha_s  tabulas  tam  enor- 
"  miter  ab  observationibus  aberrarc,  cum  antehac  ejusmodi  observationibus  potiri  baud 
"  potuerim,  ex  quibus  tabulas  cmendarem.  Quamobrem  etiam  significaveram  me  eas 
"  ita  cxhibuisse  prouti  theoria  Newtoniaoa  mihi  eas  suppeditasset,  meque  de 

quam  de 


«  Lalande,     4172,3.  <  P.  505. 

•  Journal  of  the  Royal  Society. 

'  P.  431,  43C,  459.  4C0.    The  license  and  They  contain 

the  Latin  title  are  both  dated  1749,  but  1752  »  supputandi  methodus."    If  the  subject  did 

is  printed  in  the  English  title-page.  The  signa-  not  prore  it,  the  paper  and  printing  would  be 

tures  at  the  end  shew  that  great  alterations  immediately  detected  to  be  more  recent  than 

were  made  after  the  work  had  gone  through  the  rest.    Heath,  in  bis  Royal  Astronomer, 

the  press,  either  by  Halley  or  his  editors.  Sheet  (p.  234,)  speaks  of  "the  precept  writer  to 

P  p  was  to  have  been  cancelled,  and  is  said  in  "  Dr.  Halley's  Tables,  (Mr.  G.  Morris,")  who 


p.  iii.  of  the  Preface  to  have  been  omitted;  may  have  hod  some  share  in  preparing  the  work 

but  it  is  found  in  many  copies,  and  contains  for  publication. 

the  numbers  referred  to  in  P.  -132.  InLordMac-  *  Lalande,     1464.       »  lb.  §.  1459. 

clesfield"s  copy  at  Shirburn  Castle,  there  are  1  P.  430.         k  P.  441.        '  P.  433. 
not  usually  met  with;  they  are 
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"  autem  vir  clarissitne  mihi  largicrU,  si  in  singulis  incqualitatibus  levissimus  error  insit, 
"  inde  insignes  errorcs  in  loca  luna?  computata  redundare  posse.  Statim  ergo  atqilc  ob- 
"  servationcs  quas  niccum  communicarc  voluisti,  accept,  ad  carum  nortnani  meas  tabula* 
"  revocavi,  in  necessariaa  singulorum  titulorum  emendationes  inquisitus,  quas  (|uidcin 
"  ita  eruisse  mihi  videor,  ut  ab  istis  observationibus  nunquam  ultra  2'  disacntiant."  There 
is  likewise  a  curious  letter"1  of  Grischow  with  respect  to  these  very  Tables,  which  shews 
d>e  great  attention  that  Bradley  paid  to  the  subject;  but  although  he  communicated  his 
observations  to  Euler,  and  contributed  his  assistance  to  the  editors  of  11  alley  "s  Tables, 
the  greatest  service  he  rendered  to  the  cause  was  in  the  labour  which  he  expended  on 
those  of  Mayer.  A  copy  of  these  was  first  put  into  his  hands  in  "Dee.  1755,  and  having 
made  more  than  2130  comparisons  of  them  with  his  own  observations,  he  reported  favour- 
ably of  them  to  the  Admiralty  in  the  beginning  of  the  following  February.  This  seemed 
to  have  revived  his  hopes  of  the  lunar  method's  being  brought  into  general  use,  and  for 
the  next  four  years  he  was  most  lulx>riously  employed  in  deriving  from  his  own  observa- 
tions every  possible  correction  for  the  quantities  introduced  into  the  several  equations. 
There  is  annexed  to  the  Nautical  Almanack  for  1774,  a  detailed  account  of  the  elements 
used  in  four  sets  of  lunar  tables,  which  were  formed  at  this  epoch,  and  which  are  nearly 
connected  with  each  other.  The  first  is,  that  of  Mayer's  original  Tables,  which  were 
never  published  ;  Bradley's  is  the  second,  derived  from  the  improvements  which  he  par- 
ticularly employed  himself  in  devising  for  the  first.  We  have  the  testimony  of  Ferner 
(a  Danish  astronomer)  to  the  advances  which  were  thus  made.  He  had  been  in  England 
with  Bradley,  and  on  his  return  he  wrote  him  °word  that  Clairaut  and  d'Alembert  were 
unremittingly  exerting  themselves,  each  to  give  the  greatest  possible  correctness  to  his 
own  Tables  of  the  moon ;  but  he  adds,  that  "  selon  ce  que  M.  Clairaut  m'a  Hit  lui-merae, 
"  ses  Tables  n'atteindront  pas  a  une  telle  perfection  que  vous  m'avez  dit  que  celles  de 
"  M.  Mayer  par  vos  corrections  ont  dejH."  The  third  set  of  elements  was  that  of  Gael 
Morris,  which  were  likewise  "  H corrections  upon  Mayer's  first  manuscript  Tables  made 
"  by  the  help  of  Dr.  Bradley's  observations,  a  few  copies  of  which  were  printed,  and 
"  given  by  the  author  to  his  friends."  These  were  published  after  the  author's  death, 
and  are  not  cnnuiioulyi  to  be  met  with,  but  they  probably  possessed  considerable  merit ; 
for  Maskelyne,  though  he  had  access  to  Mayer's  manuscript,  and  must  have  been 
acquainted  with  Bradley's  improvements,  made  use  of  them  in  framing  some  of  the 
tables  which  he  annexed  to  the  British  Mariner's  Guide'.  The  fourth  set  of  elements 
contained  Mayer's  last  corrections  for  the  tables,  which  were  published  in  1770. 

These  last  Tables  of  Mayer  were  still  a  further  advance  upon  Bradley's,  which  in 
consequence  were  never*  printed.  His  were  probably  finished  about  1760.  Ferner's 
letter,  which  has  just  been  alluded  to,  bears  the  date  of  Nov.  18,  of  that  year;  and 
in  the  passage  which  has  been  quoted  from  Mason's  letter*,  he  speaks  of  the  years  59  or 
60,  as  the  time  when  the  lunar  compulations  were  nearly  gone  through.  This  same 
conclusion  seems  to  follow  from  Bradley's  communication"  to  the  Admiralty  in  April 

«  P.  418.       "  P.  81.       ■  P.  501.  '  See  p.  123. 

f  N.  Aim.  1774,  addil.  p.  39.  •  They  do  not  appear  in  the  catalogue  of 

i  Thcv  are  not  mentioned  in  Lalande's  Bi-  MSS.  in  the  librarv  at  Greenwich, 
bliog.  As'troo.  '  P.  Uxxix.  ■  P.  86. 
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1700.  In  his  first  report \  in  1750,  he  says,  he  tlid  not  find  any  difference?  so  great  as 
1'}  between  tin-  observed  longitude  of  the  moon,  and  that  which  was  coinputetl  from  the 
tallies;  and  in  die  report  of  April  II.  1760,  he  adds,  that  this  small  deficiency  had  been 
further  diminished  by  making  alterations  in  some  of  the  equations,  whose  true  quantity 
"  could  not  Im'  determined  without  proper  olwcrvotions so  that  the  difference  did  no- 
where amount  lo  more  thun  a  minute.  This  was  determined  from  the  calculations  of  more 
than  1100  observations  which  he  had  made  at  Greenwich  with  his  new  instruments,  and 
Mnsoii  was  afterwards  employed  to  increase  this  number  to  1220  There  are  eleven 
Itook*  at  Oxford  :  two,  in  which  Bradley  has  computed  die  moon's  places  from  Mayer's 
first  tul ill  ■  mi  as  to  compare  tbcm  with  the  earlier  Greenwich  observations  as  well  as  bis 
own  up  to  17A2,  and  a  third  in  which  he  has  done  the  same  for  observations  made  at 
the  Cape,  he:  the  other  eight  contain  the  comparison  of  the  later  elements  with  the 
Greenwich  observations  lictwccn  Dec.  81, 1749,  and  April  8,  1760.  These  are  by  three 
hands  in  the  following  proportions: 

Bradley   449  pages  *»   about  two 

Mason     I  KS  V  computations 

G.  Morris  60  J   in  each  page. 

It  ap|H'Hrs,  therefore,  that  his  two  assistants  did  not  together  execute  one  third  of  even 
the  last  |mrt  of  the  work  for  him  ;  and  Bradley  must  probably  examined  all  their  numbers, 
as  there  are  frequent  instances  among  them  of  his  corrections. 

Having  made  this  advance  in  the  improvement  of  the  tables,  he  renewed  his  recom- 
mendation of  the  use  of  lunar  distances  for  the  discovery  of  the  longitude  at  sea,  which 
could  now  be  found  "  within  about  half  a  degree  or  nearer."  There  are  among  the  papers 
at  Oxford  a  number  of  observations  made  for  this  puqiose  by  Capt.  Campliell  and  John 
Bradley*,  and  calculations  in  Bradley's  own  band,  by  which  be  worked  out  die  necessary 
conclusions.  It  appears  from  these,  that  in  17.V7  they  used  Mayer's  circle,  which  was 
proltahly  the  new  instrument  which  was  considered  as  Bradley's**  by  Capt.  Campbell  and 
the  Secretary  of  the  Admiralty.  It  was  afterwards  laid1'  aside,  as  he  preferred  a  sextant 
of  a  larger  radius  when  the  limb  was  carefully  divided  by  Bin! ;  and  it  is  probable  that 
the  order  was  made  for  this  second  instrument  as  early  as  April  1757d.  The  observa- 
tions and  computations  were  going  on  without  intermission c,  although  the  final  recom- 
mendation to  the  Admiralty  for  the  adoption  of  the  method  was  delayed  till  1760.  His 
ivprvsvutalion  succeeded,  but  it  required  some  time  before  it  could  be  established  for 
general  practice.  The  reductions  were  too  difficult  for  common  seamen,  till  convenient 
tables  and  more  expeditious  methods  were  devised  for  clearing  the  apparent  distances 
from  the  effects  of  refraction  and  parallax. 

Mayer  died  in  176)4,  worn  out  by  his  incessant  labours,  at  the  age  of  89-  We  cannot 
WOMtWr,  therefore,  at  the  same  cause  having  a  fatal  effect  on  Bradley,  who  was  further 
adt.-utccd  in  life  at  least  by  thirty  years.  Finding  himself  unequal  to  the  continued 
fatigue  of  his  many  duties,  be  resigned  his  office  of  Reader  in  Experimental  Philosophy 

v  Manuscript  copies  of  both  the*  reports  wise  made  aumy  lunar  coiuruubous  with  Hat> 

»fv  anion,:  the  [upcr*  at  Oxtoni.  lev's  tables. 

'  P.  04.  «  P.  li.  note  ».              »  P.  493,4. 

•  Preiso*  to  Nautical  Aim.  for  17n     No  '  P.            *  P.  495.       *  P.  499 
mention  is  there  ruade  of  li.  Moms.    He  I'At- 
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at  Oxford.  These  lectures  "  'he  continued  with  great  reputation  and  with  equal  utility 
"  to  the  university,  till  within  a  year  or  two  of  his  death."  It  appears  from  the  account 
book  which  has  been  already  mentioned?,  that  his  last  course  was  delivered  in  1760,  between 
Easter  and  the  long  vacation.  It  is  gratifying  to  see  from  these  records,  that  the  num- 
ber of  attendants  in  this  year  was  not  below  the  average  of  the  classes  in  his  earlier  days. 
He  was  still  himself,  and  had  not  the  mortification  of  being  driven  from  his  post  by  the 
neglect  of  those  with  whom  he  was  connected. 

The  last  scientific  object,  to  which  Bradley  was  able  to  pay  even  an  imperfect  atten- 
tion, was  the  transit  of  Venus  in  1761.  Hallcy,  as  early  as  171Gh,  had  pointed  out  the 
use  which  might  be  derived  from  it  in  determining  the  sun's  parallax.  It  was  a  subject 
of  peculiar  interest  to  him,  and  he  is  said  to  have  felt  great  anxiety  for  its  being  well 
observed.  I  .a  Caille  expressed  'some  fear  that  it  was  not  susceptible  of  the  precision 
to  which  he  looked  forward,  and  other  astronomers  may  have  entertained  the  same 
doubts;  but  the  phenomenon  was  of  rare  occurrence;  and  as  it  approached,  the  neces- 
sary preparations  for  observing  it  were  not  neglected  in  England  or  on  the  continent. 

In  the  minutes  of  the  Royal  Society  we  find  the  following  entry:  "  May  22,  1760, 
"  The  council  took  into  consideration  a  late  resolution  recommended  to  them  by  the 
"  Society;  viz.  the  sending  proper  persons  to  proper  places  to  observe  the  approaching 
"  transit  of  Venus  over  the  sun,  the  several  instruments  that  will  be  necessary  for  the 
"  work,  and  the  expenses  which  are  likely  to  attend  it. 

"  The  propriety  and  expediency  of  the  Society's  directing  this  observation  was  agreed 
"  to  unanimously :  and  the  island  of  St.  Helena  was  adjudged  to  be  the  most  proper 
"  place  of  observation ;  to  which  Beneoolen,  or  rather  Batavia,  if  it  were  not  attended 
"  with  uncertainty,  might  be  added  for  a  second  observation. 

"  Dr.  Bradley  declared  that  the  instruments  necessary  were,  a  reflecting  telescope  of 
"  two  feet,  with  Dollond's  micrometer,  Mr.  Dollond's  refracting  telesco|ie  of  ten  feet,  a 
"  quadrant  of  the  radius  of  eight  inches,  and  a  clock  or  time  piece.  And  Dr.  Bradley 
"  was  requested  to  inform  himself  against  the  next  council  upon  what  terms  these  seve- 
"  ral  instruments  might  be  hired  for  the  occasion,  the  Society  giving  security  for  their 
"  restitution." 

The  instruments  were  provided,  and  Maskclyne,  who  was  then  not  quite  eight  and 
twenty,  undertook  to  go  to  St.  Helena,  with  Waddington  for  his  assistant.  The  other 
observer  was  not  so  soon  found,  and  there  is  a  letter  of  Costard's  among  Dr.  Hornsby's 
papers,  in  which  he  says,  "  On  Saturday  last  I  met  with  Belts  at  Elsficld,  and  from  him 
"  I  learned  that  Dr.  Bradley  hath  got  a  person  to  be  sent  to  Beneoolen."  This  was 
C.  Mason,  who  had  been  his  assistant  in  the  observatory  fork  several  years.  Dixon  went 

'  Suppl.  to  Biug.  Diet.  p.  "16.      *  P.  xxxviii.  he  went  out  to  observe  the  transit  of  Venn*. 

"  Phil.  Tr.  vol.  XXIX.  p.  154.      '  P.  442.  (.'has.  Green  took  his  place  in  November  17o'<>. 

k  Lalande,  in  his  Bibliographic  Astrono-  Heath,  in  his  Koyal  Astronomer,  (p.  3'),)  calls 

raique,  p.  538,  gives  a  list  of  assistants  at  Green-  Gael  Morris  "  As*1.  Ast.  It. ";  but  this  may  In 

wich,  but  his  account  admits  of  some  correction,  one  of  thu  author's  course  attempts  at  a  joke. 

It  has  been  already  mentioned,  that  John  lirad-  The  stipend  allowed  for  the  assistant  was  only 

lcy  first  liwk  the  office  in  the  summer  of  17-42,  267.  per  ami.;  and  Mason,  in  his  letter  to  Dr. 

arid  the  last  observation  entered  in  his  hand  is  Hornsby,  (P.  Ixxxix.)  alludes  lo  this  in  charac- 

in  Sept.  I75fi.    Oct.  1756,  is  the  first  time  teristic  language,  where  he  expresses  a  wish 

at  which  C.  Mason  s  writing  appears,  and  when  that  a  better  salary  should  be  allowed,  le»t 

n  2 
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out  with  him,  but  unfortunately  they  never  reached  their  place  of  destination.  They 
sailed  in  a  king  8  ship1,  (the  Sea  Horse,)  but  not  many  leagues  from  the  Start,  a  French 
frigate  fell  in  with  thein,  and  although  she  was  beaten  off,  their  vessel  suffered  so 
much  in  the  action,  that  it  was  necessary  to  return  to  Plymouth  to  refit.  After  mak- 
ing some  difficulties  they  sailed  again,  and  arrived  at  the  Capem  April  27;  but  the 
season  being  now  very  far  advanced,  they  remained  there  for  the  observation  of  the 
transit.  From  La  Caille  and  Maskelyne's"  papers  it  appears  that  Bradley's  coope- 
ration was  reckoned  upon  for  the  great  event;  but  he  was  unable  to  take  a  share  in 
what,  had  it  occurred  before  he  was  quite  worn  out,  would  have  been  an  object  of  his 
especial  care.  He  had  continued  a  member  of  the  council  of  the  Royal  Society  from 
his  election  into  it  in  1752.  But  the  last  day  on  which  he  was  able  to  attend  their  meet- 
ing was  31st  January  1761;  and  when  the  transit  occurred  in  the  month  of  May,  he 
was  so  ill  that  he  was  obliged  to  apply  to  "Bliss  to  take  his  place  at  the  observatory. 
His  instruttionsP  for  Mason  were  probably  the  last  paper  of  a  public  nature  which  he 
drew  up :  there  is  some  degree  of  satisfaction,  therefore,  in  being  able  to  fix  very  nearly 
the  date  of  it.  Costard"*  letter  was  written  on  the  22d  Sept.  1760,  and  the  last  day  on 
which  Mason's  hand  appears  in  the  observation  hook  of  that  year  is  in  November.  We 
cannot,  therefore,  err  much  in  assigning  Bradley's  paper  to  the  month  of  October.  After 
that  time  he*  was  able  to  do  very  little.  Our  eye  looks  into  the  Greenwich  registers  with 
feelings  of  interest  for  the  traces  of  that  hand  which  conveyed  so  much  instruction  to 
mankind,  and  catches  occasionally  the  sight  of  it  till  1st  Sept.  1761,  when  the  sun's 
transit  was  the  last  observation  that  Bradley  ever  entered — most  probably,  that  he  ever 
made.  His  existence  continued  for  a  few  months  longer,  but  his  scientific  career  was 
closed.  The  splendour  of  the  two  great  discoveries,  to  which  1  the  exactness  of  astronomy 
now  owes  its  existence,  has  dazzled  the  perception  of  some,  and  made  them  less  sensible 
to  the  value  of  his  other  labours :  but  omitting  any  further  mention  of  aberration  and 
miution,  the  idea  of  which  is  identified  with  the  thought  of  Bradley,  we  must  recol- 
lect that  we  are  also  indebted  to  him  for, 

1.  A  better  knowledge  of  the  motions  of  Jupiter's  satellites,  and  improvement  in  the 
tables  of  them. 

2.  The  orbits  of  several  comets  calculated  directly  from  his  own  observations,  and 
some  of  them  at  a  time  when  the  solution  of  the  problem  was  attended  with  con- 
siderable difficulties. 

3.  Experiments  on  the  length  of  the  pendulum. 

4.  The  practical  reductions  for  refraction. 

5.  Considerable  improvements  in  the  Tables  of  the  moon,  and  the  promotion  of  the 
method  of  finding  the  longitude  by  lunar  distances :  and, 

6.  The  renovation  of  the  national  observatory  at  Greenwich  in  1750',  and  his  invalu- 


"  the  hands  of  too  many  junior  observers  '  Dclambrc  Hist,  do  l'Ast,  au  xviii.  sieclc, 

"  mav  appear  in  half  a  revolution  of  the  D  '»  p.  420. 

•  node."  '  The  observations  which  he  made  with  his 

1  Minutes  of  the  K.  Sue.  new  instruments  are  contained  in  the  two  folio 

»  PWl,  Trans,  vol.  LI1.  p.  .'ISO.  volumes  published  at  Oxford. 
■  lb.  p.  21,  26.     "Ib.  p.  173.     PP.  3M8. 
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able  collection  of  meridional  observations,  which  form  a  roost  important  epoch  in  the  pro- 
gress of  modern  astronomy. 

CHAP.  XII. 

BRADLEY,  soon  after  his  establishment  at  Greenwich,  as  Astronomer  Roval,  married, 
on  the  25th  of  June,  1744,  "  Susannah,  daughter  of  Samuel  Peach,  Esq.  of  Chalford 
"  in  Gloucestershire*."  They  had  but  one  child,  a  daughter,  named  after  her  mother, 
(Susannah,)  who  was  born  at  Greenwich  in  1745.  She  was  married  at  Rodmarton, 
Jan.  10, 1771,  to  her  first  cousin,  the  Rev.  Samuel  Peach,  who  took  his  master's  degree 
at  Hertford  College,  April  29,  1769,  and  was  Rector  of  Compton  Beauchamp,  in 
Berkshire b.  Bradley  lost  his  wife  in  1757,  and  she  was  buried  at  Minchinhampton 
on  the  17th  of  May,  near  his  mother,  who  died  in  1747,  at  the  advanced  age  of 
94.  He  appears  to  have  kept  up  a  close  and  affectionate  intercourse  with  the  family 
with  whom  he  was  connected  by  his  marriage,  and  he  ended  his  days  among  them.  The 
last  two  years  of  his  life  were  spent  under  a  melancholy  depression  of  spirits.  "  His  chief 
"  distress  arose  from  an  apprehension  that  he  should  survive  his  rational  faculties :  but 
"  this  so  much  dreaded  evil  never  came  upon  him ;  he  still  retained  his  understanding 
u  till  he  was  dying,  and  demonstrated  the  clearness  of  it  by  making  a  will,  and  settling 
"  his  affairs  in  the  most  judicious  and  sensible  mannerc."  This  instrument  was  executed 
Nov.  16,  1761 ;  a  codicil  was  added  to  it  on  the  3rd  of  the  following  December;  and  as 
an  argument  has  been  founded  on  it,  a  copy  has  been  annexed  to  the  end  of  these 
Memoirs.  He  only  survived  a  few  months  longer ;  and  at  the  end  of  the  book  in  which 
the  quadrant  observations  are  recorded  we  have  the  following  memorandum,  probably 
written  by  one  of  his  executors :  "  Dr.  Bradley  exchanged  this  life  for  a  better,  at  Chal- 
"  ford  in  Gloucestershire,  July  13,  1762,  aged  70." 

d  For  several  years  before  his  death  he  frequently  complained  of  pains,  attended  with 
other  symptoms,  which  made  him  apprehend  that  they  proceeded  from  gravel.  On 
Wednesday,  June  30,  1762,  he  rode  out  for  the  air,  and  on  coming  home  complained 
of  sufferings  which  only  ended  with  his  life.     During  his  illness  he  was  often 


*  Supp.  to  Biog.  Diet.  p.  56. 

»  Mr.  and  Mrs.  Peach  had  only  one  child, 
Harriet,  who  was  bom  at  Bristol,  about  1775, 
and  was  married,  June  10,  1800.  to  Thos.  Ed- 
meades,  Esq.,  a  surgeon,  residing  at  Greenwich. 
She  died  Aug.  18,  1806)  and,  as  she  left  no 
issue,  there  is  no  one  now  living  who  is  the 
direct  descendant  of  Dr.  Bradley.  Mrs.  Peach, 
after  her  husband's  death,  spent  the  last  vears 
of  her  life  at  Greenwich,  where  she  died, 
Sept.  21,  1812,  and  where  she  and  her  daugh- 
ter are  both  buried.  She  succeeded  to  a  hand- 
some fortune  on  the  death  of  Iter  father ;  but 
the  person  who  drew  up  her  marriage  settle- 
ment committed  some  mistake,  by  which  a 
considerable  portion  of  her  properly  went,  dur- 


ing her  lifetime,  to  the  child  of  Mr.  Edmeades 
by  a  subsequent  marriage.  Application  was 
made  to  the  minister  in  hopes  of  procuring  her 
a  |>cnsion  from  the  crown,  and  it  was  supported, 
though  ineffectually,  by  a  member  of  the  royal 
family.  She  was  not,  however,  left  in  penury. 
In  her  will,  dated  Jan.  7,  1812,  she  makes 
several  bequests;  and  she  added  a  codicil,  in 
which  she  states,  that  in  distributing  her  pro- 
perty she  had  considered  herself  as  having  no- 
thing but  a  life  interest  in  what  was  settled  at 
her  marriage :  "  I  was  not  conscious,"  ahc  says, 
"  of  being  possessed  of  3000/.,"  which  she  then 
goes  on  to  dispose  of. 

v  Supp.  to  Biog.  Diet.  p.  58. 

<  Phil.  Trans,  vol.  LI1.  p.  636. 
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attacked  by  pains  in  the  abdomen :  his  head  would  at  intervals  wander,  and  then 
would  again  become  more  cool  and  collected.  It  wns  the  opinion  of  Dr.  Jones, 
who  attended  him  constantly  in  the  country,  as  well  as  of  Dr.  Lewis  and  Dr.  Ly- 
sons,  who  visited  him  occasionally  from  Oxford,  that  his  pains  were  to  a  certain 
extent  inflammatory ;  but  where  the  inflammation  was  seated  they  could  not  precisely 
determine.  It  seemed  often  to  shift  its  situation,  and  the  patient  himself  was  incapable 
of  giving  the  necessary  information,  his  weak  state  obliging  him  to  signify  his  meaning 
more  by  signs  than  words,  and  those  were  not  always  intelligible.  In  consequence  of 
these  doubts  the  body  was  examined  after  death,  and  a  particular  account  of  the  appear- 
ances which  it  presented  were  given  by  Dr.  Lysons,  in  the  Phil.  Trans.  He  reports 
the  case  to  be  one  which  was  attended  by  remarkable  circumstances,  and  it  appears  thai 
the  disease  was  a  general  chronic  inflammation  of  the  abdominal  viscera  and  the  in- 
vesting membrane*. 

His  body  was  buried  near  those  of  his  mother  and  wife,  at  Minchinhampton ;  and  to 
an  altar  tomb  in  the  church-yard  an  oval  plate  was  fixed,  with  the  following  inscription, 
said  to  have  been  written  by  Dr.  Blayney,  who  was  afterward  Regius  Professor  of  He- 
brew in  the  University  of  Oxford. 

H.  S.  J. 
Jacobus  Bradley  S.  T.  P. 
Regaliura  Socictatum 
Londini,  Lutelue,  I'aruiorum, 
Berolini  et  Petropoli  Sotklis,  Astro- 
nonuw  Regius,  et  Astronomic  spud 
Oxonienses  Professor  Savilianus. 
Vir  in  reruni  physicarum  scicntia  excolendi, 
prsecipue  vero  in  penitissimis  arcanis 
indagandis,  tarn  felici  diligentia,  et  sagaci 
ingenio,  ut  quotquot  ubique  gentium 
iisdem  honestissimis  studiis  navabant 
operant,  illi  omnes  libenter  aasnrgereut : 
tarn  singulari  interim  modestia,  ut 
qua  csset  apud  gravissimos  Judiccs 
exist  imatione,  ipse  solus  ignorftsse 
videbatur.    Discessit  iii  Id.  Jul. 
A.  D.  MDCCLXII.  a-tatis 
LXX. 

Some  thieves,  who  made  a  paltry  profit  from  stealing  the  brass  plates  from  tomb- 
stones,  had  nearly  carried  this  off :  they  had  loosened  all  but  one  of  the  rivets,  by  which 
it  had  been  firmly  fastened  in  its  place,  when  the  circumstance  became  known  to  the 
Rev.  W.  Cockin,  rector  of  the  parish,  and  he  immediately  removed  it  into  the  church, 

1  The  generally  received  account  of  bis  death  sona,  it  is  clear  that  a  retention  of  urine  was 
is  very  inaccurate.  SeeSupp.toBiog.  Diet.  p.58.  not  the  cause  of  bis  death,  and  was  not  pro- 
sed Hist,  de  l'Acad.  Roy.  des  Sciences,  1 762,  duced  by  the  diseased  state  of  the  kidneys, 
p.  24 1 .    From  the  particulars  giren  by  Dr.  Ly- 
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where  it  was  fixed  against  the  walls  of  the  chancel.  "  Data  sunt  ipsis  quoquc  fata  se- 
"  pulcris."  Archimedes  owes  no  part  of  his  immortality  to  the  'symbols  which  were 
carved  upon  his  tomb;  and  the  fame  of  Bradley  will  flourish  long  after  monumental 
brass  shall  have  crumbled  into  dust :  but  there  is  a  pious  reverence  attached  to  the  earth 
which  covered  his  remains,  and  it  would  have  been  painful  to  lose  the  indication  which 
directed  us  to  it.  There  will  soon,  however,  be  another  monument  to  him,  connected 
not  with  that  doom  which  is  common  to  all  mankind,  but  with  the  exertion  of  those 
transcendent  powers,  for  which  his  name  will  be  honoured  to  the  latest  posterity.  It  it 
to  be  at  Kew,  with  the  following  inscription  on  it,  as  a  mark  of  Royal  care  for  the 
honour  of  British  science. 

On  this  spot, 
in  1725, 
The  Rev.  James  Bradley 
made  the  first  observations 
which  led  to  his  two  great  discoveries, 
the  aberration  of  light, 
and  the  nutation  of  the  earth's  axis. 
The  telescope  which  he  used 
had  been  erected  by  Samuel  Molyneux,  Esq. 
in  a  house  which  afterwards  became  a  royal  residence, 

and  was  taken  down  in  1 803. 
To  perpetuate  the  memory  of  so  important  a  station, 
this  dial  was  erected  on  it  in  1831, 
by  command  of  his  most  gracious  Majesty 
King  William  IV." 

Of  Bradley's  stature  and  figure  we  have  no  account ;  but  he  is  said h  to  have  "  en- 
"  joyed  a  great  share  of  health,  which  enabled  him  to  bear  long  watching*,  and  the  most 
"  tedious  application  to  study,  without  fatigue  f  and  this  was  maintained  by  a  degree 
of  temperance  which  approached  even  to  abstinence. 

His  disposition  wan  truly  amiable:  "  He'  was  humane,  benevolent,  and  kind  ;  a  duti- 
"  ful  son,  an  indulgent  husltand,  a  tender  father,  and  a  steady  friend."  His  own  family 
were  not  in  affluent  circumstances,  and  he  was  invariably  generous  to  such  of  his  rela- 
tions as  needed  his  assistance.  He  was  averse  from  the  promiscuous  conversation  of 
common  society ;  but  when  there  was  occasion,  "  k  none  was  more  ready,  more  open,  or 
"  more  clear;  no  man  would  take  more  pains  to  adapt  himself  to  the  capacity  and  un- 
"  derstanding  of  those  he  convened  with."    " '  He  was  always  pleased  to  be  asked  ques- 

'  Cicero  Tusc.  Disp.  lib.  V.  c.  23.  covered.    This  was  left  untouched,  and  imrae- 

*  The  offices  of  the  old  palace,  and  the  walls  diately  in  front  of  it  a  mas*  of  brick-work, 

which  still  remain  about  the  site  of  it,  were  suffi-  eight  feet  square,  has  been  built,  on  the  sides  of 

cient,  with  the  assistance  of  sir  William  Cham-  which  the  railing  is  to  be  fixed  which  will  enclose 

her*'  measures,  to  find  very  nearly  the  situation  this  most  interesting  position. 

of  the  stack  of  chimneys  (P.  xv.)  from  which  h  Supp.  to  Biog.  Diet.  p.  58. 

the  sector  was  suspended.    But  in  executing  1  Ibid.             *  Ibid. 

hia  Majesty  s  commands,  the  earth  was  cleared  1  Supp.  to  Biog.  Diet.  p.  59. 

away,  and  the  old  foundation  of  it  was  dia- 
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"  tions  by  lite  judicious;  and  even  encouraged  inquisitiveness  in  his  pupils,  by  shewing 
"  the  greatest  readiness  to  explain  whatever  was  required  by  them."  Dr.  Hornsbv,  who 
knew  him,  used  to  describe  him  as  peculiarly  kind  and  gentle  in  his  manners;  and  the 
portraits™  which  we  have  of  him  j>ourtray  a  countenance  expressive  of  all  these  amiable 
qualities. 

To  his  moral  habits  we  have  the  testimony  of  one  who  knew  him  well.  It  may  be 
seen"  that  lord  Macclesfield,  in  language  which  evidently  came  from  his  heart,  pro- 
nounced the  most  unqualified  eulogiuni  on  them. 

It  is  delightful  to  contemplate  all  this  modest  bearing,  all  these  excellent  qualities,  and 
think  of  their  being  combined  with  those  powers  which  made  Newton  declare  him  to  be, 
even  in  early  life,  the  best  astronomer"  in  Europe ;  a  preeminence  which  was  afterwards 
universally  P  acknowledged.  De  Fouchy,  in  his  F.logei,  speaks  of  him  as  a  man  "  d'un 
*'  temperament  vif ;~  but  this  is  at  variance  with  every  thing  which  is  related  of  him, 
and  no  traces  whatever  can  be  discovered  of  it  in  any  of  his  writings.  On  the  contrary, 
he  was  cautious  and  retiring.  His  great  characteristics  appear  to  be  a  most  extraordinary- 
clearness  of  perception,  both  mental  and  organic';  great  accuracy  in  the  combination  of 
his  ideas ;  and  an  inexhaustible  fund  of  that  "  industry  and  patient  thought**  to  which 
Newton,  with  such  distinguished  humility,  ascribed  his  own  great  discoveries.  Bradley 
was  a  man  whose  inventive  mind  did  not  build  on  the  labours  of  others ;  he  saw  his  object 
distinctly,  and  nothing  diverted  him  from  it :  though  years  and  years  might  be  neces- 
sary for  its  developement,  he  concentrated  the  great  powers  of  his  intellect  on  the  end 
which  he  had  in  view ;  nor  did  he  relax  his  efforts  before  he  had  completely  attained  it. 

He  does  not  appear  to  have  had  much  taste  for  men;  abstract  mathematics;  but  his 
papers  prove  that  he  was  familiar  with  those  branches  which  were  most  useful  to  him  in 
their  application.  His  demonstration  of  the  'laws  of  aberration  is  to  be  taken  rather  as 
an  historical  curiosity,  than  a  test  of  his  geometrical  abilities.  Every  one,  who  has  in- 
vestigated a  new  problem,  must  be  aware  that  the  first  solution  which  he  devises  has 
seldom  been  the  best.    Bradley's  sole  object,  in  this  case,  was  to  ascertain  the  rules  by 


m  There  are  four  paintings  of  him  :  one,  by 
Hudson,  in  the  picture  gallery  at  Oxford,  which 
was  given  to  the  University  by  his  daughter,  in 
1769;  a  second,  probably  by  the  same  artist, 
at  Shirburn  castle ;  a  third,  painted  by  Rich- 
ardson, for  his  mother,  which  was  given  by 
the  Rev.  J.  Dallaway  to  the  Royal  Society :  all 
these  three  were  taken  when  he  was  in  middle 
life  :  a  fourth,  drawn  at  a  more  advanced  age, 
had  been  reserved  for  herself  by  Mrs.  Peach, 
and  alter  her  death  was  given  by  l>er  eiecutor, 
Sam.  Lysons,  Esq.  to  the  Royal  Society  for 
the  observatory  at  Greenwich.  The  Rev. 
Dan.  Lysons  has  also  a  neatly  finished  min- 
iature of  him,  drawn  in  Indian  ink,  by  Fer- 
guson. The  Oxford  portrait  was  engraved 
by  Faber ;  and  the  original  copper  having  been 
procured,  the  engraving  was  reduced  so  as  to 


accommodate  it  to  the  size  of  the  present  vo- 
lume. Bromley,  in  his  Catalogue  of  Engraved 
British  Portraits,  mentions  (p.  357.)  another 
neUOtittO,  which  represents  him  as  "  sitting, 
"  with  a  distant  view  of  the  observatory."  A 
proof  of  this  appears  (p.  120.)  in  the  sale  cata- 
logue of  sir  Wm.  Musgravc's  prints  ;  it  was 
bought  by  Mr.Tyssen.  for  Hit.  6V.  t  but  when 
his  library  was  sold,  in  1 802,  the  prints  were 
lotted  together,  without  specific  descriptions, 
which  might  enable  us  to  trace  this  individual 
sjiecimen  any  further.  No  collector  nor  print- 
seller  has  been  met  with  in  London  who  has 
ever  seen  it. 

■  P.  xlviii.  •  P.  xlvii. 

p  P.  430.  Hist,  de  l  Ac.  Roy.  des  Sciences, 
I7n2.  p.  212. 

olbid.p.24l.    -See  P.  202, 206.    •  P.287. 
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which  he  was  to  calculate;  he  had  no  view  to  publication;  if  he  had,  he  might  have 
improved  the  form,  and  condensed  the  substance,  of  his  demonstration.  But  in  ihis 
instance,  as  in  others,  he  was  probably  checked  by  a  fear  of  submitting  his  thoughts  to 
the  opinion  of  the  world.  He  set  too  low  a  value  on  his  own  works,  and  always 
feared  lest  any  thing  might  lower  his  reputation.  His  love  of  'accuracy,  likewise,  acted 
as  an  impediment :  those  who  take  the  most  comprehensive  views  have  the  clearest 
knowledge  of  what  may  be  deficient :  he  could  see  the  improvements  which  were  desir- 
able, and  while  he  had  not  yet  attained  them,  he  was  unwilling  to  send  out  any  thing  to 
the  public  in  a  state  which  he  considered  to  be  imperfect.  There  was  also  another 
circumstance  which  operated  against  his  publishing  to  any  great  extent:  he  cer- 
tainly composed  with  difficulty ;  his  writings  are  full  of  erasures ;  and  after  repeated 
transcriptions,  his  language  was  not  always  the  happiest  in  its  construction  or  arrange- 
ment. He  was  not  remiss  in  noting  what  occurred  to  him,  and  making  memoranda, 
where  the  words,  which  first  occurred  to  him,  were  sufficient  to  register  his  thoughts, 
and  recall  them  at  any  future  time  to  his  remembrance :  but  to  dwell  on  the  expressions 
which  he  should  use,  and  to  employ  himself  in  polishing  them  for  publication,  seem  to 
have  been  a  task  of  irksome  difficulty  to  him.  No  one  writes  well,  who  lias  not  studied 
and  practised  it ;  and  no  one  is  inclined  to  acquire  the  habit,  who  does  not  enjoy  some 
degree  of  facility  in  the  execution  of  his  purpose.  It  is  not  therefore  astonishing  that 
the  voluminous  historian  of  astronomy  should  have  found  that  "  Bradley  n'avait  prcsque 
"  rien  publuV."  Besides  the  tables  of  Jupiter's  satellites  and  a  few  others  of  no  great 
extent,  all  that  he  could  be  found  to  have  himself  given  to  the  world  is  comprised  in 
seventy-two  pages  of  the  present  volume.  But  when  every  thing  is  considered,  we  have 
no  reason  for  regret ;  if  he  had  written  more  for  the  press,  he  must  have  done  less  for 
our  information; — the  fatts  which  he  established,  ami  the  discoveries  which  he  made, 
are  of  an  intrinsic  and  inestimable  value,  beyond  all  comparison  with  any  dissertations, 
in  which  he  might  have  enlarged  upon  them. 

In  the  Biographia  Britannica*  it  is  said,  that  "there  was  not  an  astronomer  of  any 
"  eminence  in  the  world  with  whom  he  had  not  a  literary  correspondence.''  If  we 
make  every  allowance  for  the  rhetorical  form  of  the  expression,  it  will  still  be  found  to 
be  a  considerable  exaggeration.  De  FouehyJ  was  nearer  the  truth,  when  he  said,  "  II 
"  n'y  avoit  aucun  astronome  celi-brc  dans  I'Europe  qui  ne  se  fit  honneur  d'etre  directe- 
"  ment  ou  indirectetnent  en  correspondance  avec  liu."  The  present  volume  bears  testi- 
mony to  the  fact :  we  find  De  ITsle,  La  Caille,  Chairaut,  Gruchow,  courting  his  corre- 
spondence; Euler's  "letter  was  probably  intended  for  his  notice,  though  addressed  to 
Gael  Morris ;  but  there  appears  to  have  been  no  great  inclination  on  Bradley's  part  to 
indulge  a  reciprocal  desire.  It  may  be  said,  that,  as  we  have  only  the  rough  copies  of 
his  answers,  which  he  may  not  in  every  instance  have  preserved,  we  do  not  know  the 
number  and  extent  of  them.  There  certainly  were  many  of  which  we  have  no  remains; 
but  still  he  seems  to  have  seldom  written  unless  some  particular  object  required  it,  and 


1  SuppL  to  Biog.  Diet.  p.  59. 

-  Hist,  de  I'Astr.  au  xviii  siecle,  p.  426. 

«  Vol.  II.  p.  562. 


i  Hist,  de  I'Ac.  Roy.  dc*  Sciences,  1762, 
p.  242. 
«  P.  xcvi.  see  also  P.  432. 
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there  are  repeated  occasions*  on  which  his  correspondents  indicate  the  fact  of  his  not 
having  answered  the  letters  which  he  had  received.  If,  therefore,  his  great  disinclina- 
tion from  studied  composition  made  him  remiss  in  keeping  up  an  intercourse  with  such 
distinguished  characters,  it  is  not  astonishing  that  a  number  of  idle  letters  which  were 
addressed  to  him  may  have  been  wholly  unattended  to.  Many  of  these  have  l>een  found 
among  his  papers  which  were  wholly  unfit  for  publication.  It  might  have  been  better 
if  Nicholls  had  not  printed  Bowyersb  letter ;  hut  as  he  had  sent  it  out  into  the  world,  it 
has  been  reprinted  in  the  present  collection,  and  may  be  taken  as  one  of  the  better  speci- 
mens of  the  useless  applications  to  which  Bradley,  from  his  character  and  situation,  was 
frequently  exposed. 


The  following  Will,  of  which  a  copy  was  procured  from  the  registry  of  the  Prerogative 
Court  of  Canterbury,  was  drawn  up  by  sonic  professional  hand  :  the  codicil  was  written 
by  Bradley  himself. 

"  IN  the  name  of  God,  Amen. — I,  James  Bradley,  of  Greenwich,  in  the  county  of 
"  Kent,  D.  D.,  do  make  and  declare  this  my  last  Will  and  Testament  in  manner  follow- 
"  ing,  (that  is  to  say,)  First,  I  give  and  bequeath  unto  my  sister,  Mary  Mills,  widow, 
"  one  annuity  or  clear  yearly  sum  of  fifteen  pounds,  to  be  paid  to  her  during  the  term 
"  of  her  natural  life;  and  unto  my  sister,  Elizabeth  Jenncr,  widow,  one  annuity  or  clear 
*'  yearly  sum  of  fifteen  pounds,  (over  and  besides  the  annuity  of  five  pounds,  for  which 
"  I  have  given  her  my  bond,)  to  be  paid  to  her  during  the  term  of  her  natural  life;  and 
"  I  will  the  said  respective  annuities  be  paid  quarterly.  I  give  and  bequeath  unto  my 
"  brother-in-law,  John  Dallaway,  and  to  Rebecca  his  wife,  my  sister,  and  to  my  said 
"  sisters  Mary  Mills  and  Elizabeth  Jenner,  and  to  Samuel  Peach,  of  Chalford,  in  the 
"  parish  of  Minchinhampton,  in  the  said  county  of  Gloucester,  clothier,  and  Mary  his 
"  wife,  my  sister-in-law,  ten  pounds  apiece,  to  buy  them  mourning.  I  give  and  be- 
"  queath  unto  my  daughter,  Susanna  Bradley,  one  hundred  pounds,  to  buy  her  mourn- 
"  ing,  and  for  her  immediate  support.  I  give  and  bequeath  unto  my  nephew,  William 
"  Dallaway,  and  John  Peach,  of  Theescomb,  in  the  said  parish  of  Minchinhampton,  son 
14  of  the  said  Samuel  and  Mary  Peach,  they  acting  in  the  trust  in  this  my  will  reposed 
"  in  them,  one  hundred  pounds  apiece.  All  the  rest  and  residue  of  my  goods,  chattels, 
"  and  personal  estate  whatsoever,  (my  funeral  ex|X'nses  and  debts,  and  the  said  annuities 
"  and  legacies,  being  first  paid  and  discharged,)  I  give  and  bequeath  unto  the  said  Wil- 
"  liam  Dallaway  and  John  Peach,  their  executors,  administrators,  and  assigns,  upon 
"  trust ;  nevertheless  that  they,  my  said  trustees,  do  and  shall  collect,  receive,  and  get  in 
"  the  same,  and,  from  time  to  time,  place  out  and  continue  the  same  at  interest  on  govern- 
"  tnent  or  real  securities,  and  do  and  shall,  by  and  out  of  the  interest  and  produce 
"  thereof,  from  time  to  time,  pay  and  discharge  the  said  several  annuities,  and  also  paj 
"  unto  my  said  daughter  the  sum  of  one  hundred  pounds  annually,  for  her  sup|x>rt  and 

maintenance,  until  she  shall  attain  her  age  of  twenty-one  years,  and  also  shall  and  will 

•  P.  442,  3,98,  50 1.  "P.  498. 
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"  apply  and  dispose  of  such  further  part  of  the  interest  and  produce  of  the  said  trust 
"  estate  to  and  for  the  support,  maintenance,  and  education  of  my  said  daughter,  as 
«'  occasions  shall  require,  and  as  my  said  trustees  in  their  discretion  shall  see  fit;  and 
"  when  my  said  daughter  shall  have  attained  her  said  age  of  twenty-one  years,  then 
"  upon  trust  that  they,  my  said  trustees,  do  and  shall  pay  the  said  trust  monies  and 
"  estate  to  her  my  said  daughter,  to  her  own  use:  provided  always,  and  my  will  is, 
"  that  if  my  said  daughter  shall  die  before  she  shall  attain  her  said  age  of  twenty-one 
"  years,  leaving  one  or  more  child  or  children,  lawfully  begotten,  living  at  the  time  of 
M  her  decease,  that  then  my  said  trustees  shall  and  will  pay  and  dispose  of  the  said 
"  trust  monies  and  estate  to  and  amongst  all  such  children  (if  more  than  one)  share 
"  and  share  alike;  and  if  but  one  child,  to  such  only  child  solely :  provided  also,  and  my 
"  will  is,  that  if  my  said  daughter  shall  die  before  she  shall  attain  her  said  age  of 
"  twenty-one  years,  without  issue,  that  then  my  said  trustees  do  and  shall  pay,  apply,  and 
"  dispose  of  the  said  trust  monies  and  estate  in  manner  following;  (that  is  to  say,)  one 
"  third  part  thereof  to  such  of  my  own  sisters  as  shall  lie  then  living,  (if  more  than  one,) 
• 1  share  and  share  alike,  and  if  but  one  sister,  to  such  only  sister ;  and  one  other  third 
"  part  thereof  to  and  amongst  all  my  nephews  and  nieces  that  shall  be  then  living,  (if 
*  more  than  one,)  share  and  share  alike,  and  if  there  shall  be  but  one  such  nephew  or 
"  niece  then  living,  then  in  trust  to  pay  such  third  part  to  such  nephew  or  niece  solely; 
"  and  one  other  and  remaining  third  part  thereof  to  the  said  Mary  Peach,  wife  of  the 
"  said  Samuel  Peach,  if  she  shall  be  then  living;  and  in  case  she  shall  be  then  dead, 
"  then  to  and  amongst  all  and  every  the  children  of  the  said  Mary  Peach,  by  the  said 
"  Samuel  Peach,  (if  more  than  one,)  share  and  share  alike;  and  if  there  shall  be  but 
"  one  such  child,  then  to  such  only  child  solely.  And  I  do  hereby  make  and  constitute 
"  the  said  William  Dallaway  and  John  Peach  joint  executors  in  trust  of  this  my  will, 
"  and  guardians  to  my  said  daughter  during  her  minority ;  and  I  do  hereby  revoke  all 
"  former  wills  by  me  made :  provided  always,  and  my  will  is,  that  it  shall  and  may  lie 
"  lawful  to  and  for  my  said  trustees  to  deduct  and  detain  out  of  the  trust  monies  all 
"  their  and  each  of  their  necessary  costs  and  expenses  relating  to  the  said  trust,  and 
"  that  they  shall  not  be  answerable  one  for  the  other,  or  for  the  acts,  receipts,  or  defaults 
"  of  the  other,  or  for  the  involuntary  loss  of  any  of  the  trust  monies,  or  for  any  more 
"  money  than  they  shall  actually  receive,  or  shall  come  to  their  hands  respectively. 
"  In  witness  whereof,  I  have  to  this  my  will,  contained  in  two  sheets  of  paper,  to  the 
"  first  sheet  set  my  hand,  and  to  this  second  and  last  sheet  set  my  hand  and  seal,  this 
"  sixteenth  day  of  Xovember,  in  the  year  of  our  Lord  one  thousand  seven  hundred  and 
"  sixty  one. 

«  JAMES  BRADLEY." 

"  Signed,  sealed,  published  and  declared,  by 
«  the  said  James  Bradley  the  testator,  as  and 
"  for  his  lust  will  and  testament,  in  the  presence 
"of  us, 

«■  THOMAS  SELVVYN. 
"  ANN  BIBB." 
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"  I  give  all  my  printed  books  to  Samuel  Peach,  son  of  Samuel  Peach,  in  my  Will 
"  named,  and  desire  that  thin  may  lie  a  codicil  to  my  last  Will  and  Testament,  and  taken 
"  as  part  thereof,  as  witness  my  hand,  this  third  day  of  December,  in  the  year  of  our 
«  Lord  1761. 

"  JAMES  BRADLEY." 

"  Proved  at  London  with  a  codicil,  1st  September  1762,  before  the  worshipful  An- 
"  drew  Coltee  Ducarel,  Doctor  of  Laws  and  surrogate,  by  the  oaths  of  William  Dalla- 
"  way  and  John  Peach,  the  executors,  to  whom  administration  was  granted,  having 
"  liecn  first  sworn  duly  to  administer." 
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A  tetter  to  Dr.  Edmund  Halley,  Astronom.  Reg.  6fc.  giving  an  ac- 
count of  a  neic-dhcovered  Motion  of  the  Fired  Stars. 

[Philosophical  Transactions,  N°.  406.  vol.  XXXV.  p.  637.] 

Sir, 

YOU  having  been  pleased  to  express  your  satisfaction  with  what  I  had  an 
opportunity  sometime  ago  of  telling  you  in  conversation,  concerning  some  ob- 
servations that  were  making  by  our  late  worthy  and  ingenious  friend,  the 
honourable  Samuel  Molyneux,  esq.  and  which  have  since  been  continued 
and  repeated  by  myself,  in  order  to  determine  the  parallax  of  the  fixed  stars ; 
I  shall  now  beg  leave  to  lay  before  you  a  more  particular  account  of  them. 

Before  I  proceed  to  give  you  the  history  of  the  observations  themselves,  it 
may  be  proper  to  let  you  know  that  they  were  at  first  begun  in  hopes  of 
verifying  and  confirming  those  that  Dr.  Hooke  formerly  communicated  to 
the  public,  which  seemed  to  be  attended  with  circumstances  that  promised 
greater  exactness  iu  them,  than  could  be  expected  in  any  other  that  had 
been  made  and  published  on  the  same  account.  And  as  his  attempt  was 
what  principally  gave  rise  to  this,  so  his  method  in  making  the  observations 
was  in  some  measure  that  which  Mr.  Molyneux  followed :  for  he  made 
choice  of  the  same  star,  and  his  instrument  was  constructed  upon  almost  the 
same  principles.  But  if  it  had  not  greatly  exceeded  the  doctor's  in  exactness, 
we  might  yet  have  remained  in  great  uncertainty  as  to  the  parallax  of  the 
fixed  stars ;  as  you  will  perceive  upon  the  comparison  of  the  two  experi- 
ments. 
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This  indeed  was  chiefly  owing  to  our  curious  member,  Mr.  George  Gra- 
ham, to  whom  the  lovers  of  astronomy  are  also  not  a  little  indebted  for  se- 
veral other  exact  and  well-contrived  instruments.  The  necessity  of  such  will 
scarce  be  disputed  by  those  that  have  had  any  experience  in  making  astrono- 
mical observations;  and  the  inconsistency  which  is  to  be  met  with  among 
different  authors  in  their  attempts  to  determine  small  angles,  particularly 
the  annual  parallax  of  the  fixed  stars,  may  be  a  sufficient  proof  of  it  to 
others.  Their  disagreement  indeed  in  this  article  is  not  now  so  much  to  be 
wondered  at,  since  I  doubt  not  but  it  will  appear  very  probable,  that  the  in- 
struments commonly  made  use  of  by  them,  were  liable  to  greater  errors  than 
many  times  that  parallax  will  amount  to. 

The  success  then  of  this  experiment  evidently  depending  very  much  on 
the  accurateness  of  the  instrument,  that  was  principally  to  be  taken  care  of : 
in  what  manner  this  was  done  is  not  my  present  purpose  to  tell  you  ;  but  if, 
from  the  result  of  the  observations  which  I  now  send  you,  it  shall  be  judged 
necessary  to  communicate  to  the  curious  the  manner  of  making  them,  I  may 
hereafter  perhaps  give  them  a  particular  description,  not  only  of  Mr.  Moly- 
neux's  instrument,  but  also  of  my  own,  which  hath  since  been  erected  for 
the  same  purpose  and  upon  the  like  principles,  though  it  is  somewhat  differ- 
ent in  its  construction,  for  a  reason  you  will  meet  with  presently. 

Mr.  Molyneux's  apparatus  was  completed  and  fitted  for  observing  about 
the  end  of  November  1725,  and  on  the  third  day  of  December  following,  the 
bright  star  in  the  head  of  Draco  (marked  y  by  Bayer)  was  for  the  first  time 
observed  as  it  passed  near  the  zenith,  and  its  situation  carefully  taken  with 
the  instrument.  The  like  observations  were  made  on  the  5th,  11th,  and 
12th  days  of  the  same  month,  and  there  appearing  no  material  difference  in 
the  place  of  the  star,  a  farther  repetition  of  them  at  this  season  seemed  need- 
less, it  being  a  part  of  the  year  wherein  no  sensible  alteration  of  parallax  in 
this  star  could  soon  be  expected.  It  was  chiefly  therefore  curiosity  that 
tempted  me  (being  then  at  Kew,  where  the  instrument  was  fixed)  to  prepare 
for  observing  the  star  on  December  17th,  when  having  adjusted  the  instru- 
ment as  usual,  I  perceived  that  it  passed  a  little  more  southerly  this  day 
than  when  it  was  observed  before.  Not  suspecting  any  other  cause  of  this 
appearance,  we  first  concluded  that  it  was  owing  to  the  uncertainty  of  the 
observations,  and  that  either  this  or  the  foregoing  were  not  so  exact  as  we 
had  before  supposed ;  for  which  reason  we  purposed  to  repeat  the  observa- 
tion again,  in  order  to  determine  from  whence  this  difference  proceeded ;  and 
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upon  doing  it  on  December  20th,  I  found  that  the  star  passed  still  more 
southerly  than  in  the  former  observations.  This  sensible  alteration  the  more 
surprised  us,  in  that  it  was  the  contrary  way  from  what  it  would  have  been 
had  it  proceeded  from  an  annual  parallax  of  the  star :  but  being  now  pretty 
well  satisfied  that  it  could  not  be  entirely  owing  to  the  want  of  exactness  in 
the  observations,  and  having  no  notion  of  any  thing  else  that  could  cause 
such  an  apparent  motion  as  this  in  the  star,  we  began  to  think  that  some 
c  hange  in  the  materials  &c.  of  the  instrument  itself  might  have  occasioned 
it.  Under  these  apprehensions  we  remained  some  time,  but  being  at  length 
fully  convinced,  by  several  trials,  of  the  great  exactness  of  the  instrument, 
and  finding  by  the  gradual  increase  of  the  star's  distance  from  the  pole,  that 
there  must  be  some  regular  cause  that  produced  it ;  we  took  care  to  examine 
nicely,  at  the  time  of  each  observation,  how  much  it  was :  and  about  the  be- 
ginning of  March  1726,  the  star  was  found  to  be  20"  more  southerly  than  at 
the  time  of  the  first  observation.  It  now  indeed  seemed  to  have  arrived  at 
its  utmost  limit  southward,  because  in  several  trials  made  about  this  time, 
no  sensible  difference  was  observed  in  its  situation.  By  the  middle  of  April 
it  appeared  to  be  returning  back  again  towards  the  north;  and  about  the  be- 
ginning  of  June,  it  passed  at  the  same  distance  from  the  zenith  as  it  had 
done  in  Deceuilier,  when  it  was  first  observed. 

From  the  quick  alteration  of  the  star's  declination  about  this  time,  (it  in- 
creasing a  second  in  three  days,)  it  was  concluded  that  it  would  now  pro- 
ceed northward,  as  it  before  had  gone  southward  of  its  present  situation; 
and  it  happened  as  was  conjectured :  for  the  star  continued  to  move  north- 
ward till  September  following,  when  it  again  became  stationary,  being  then 
near  20"  more  northerly  than  in  June,  and  no  less  than  39"  more  northerly 
than  it  was  in  March.  From  September  the  star  returned  towards  the  south, 
till  it  arrived  in  December  to  the  same  situation  it  was  in  at  that  time 
twelve  months,  allowing  for  the  difference  of  declination  on  account  of  the 
precession  of  the  equinox. 

This  was  a  sufficient  proof  that  the  instrument  had  not  been  the  cause  of 
this  apparent  motion  of  the  star,  and  to  find  one  adequate  to  such  an  effect 
seemed  a  difficulty.  A  nutation  of  the  earth's  axis  was  one  of  the  first 
things  that  offered  itself  upon  this  occasion,  but  it  was  soon  found  to  be  in- 
sufficient ;  for  though  it  might  have  accounted  for  the  change  of  declination 
in  y  Draconis,  yet  it  would  not  at  the  same  time  agree  with  the  phenomena 
in  other  stars ;  particularly  in  a  small  one  almost  opposite  in  right  ascension 
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to  y  Draconis,  at  about  the  same  distance  from  the  north  pole  of  the  equator: 
for  though  this  star  seemed  to  move  the  same  way  as  a  nutation  of  the 
earth's  axis  would  have  made  it,  yet,  it  changing  its  declination  but  about 
half  as  much  as  y  Draconis  in  the  same  time,  (as  appeared  upon  comparing 
the  observations  of  both  made  upon  the  same  days,  at  different  seasons  of 
the  year,)  this  plainly  proved  that  the  apj>arent  motion  of  the  stars  was  not 
occasioned  by  a  real  nutation,  since,  if  that  had  been  the  cause,  the  alteration 
in  both  stars  would  have  been  near  equal. 

The  great  regularity  of  the  observations  left  no  room  to  doubt  but  that 
there  was  some  regular  cause  that  produced  this  unexpected  motion,  which 
did  not  depend  on  the  uncertainty  or  variety  of  the  seasons  of  the  year. 
Upon  comparing  the  observations  with  each  other,  it  was  discovered  that  in 
both  the  forementioned  stars,  the  apparent  difference  of  declination  from  the 
maxima  was  always  nearly  proportional  to  the  versed  sine  of  the  sun's  dis- 
tance from  the  equinoctial  points.  This  was  an  inducement  to  think  that 
the  cause,  whatever  it  was,  had  some  relation  to  the  sun's  situation  with  re- 
spect to  those  {mints.  But  not  being  able  to  frame  any  hypothesis  at  that 
time  sufficient  to  solve  all  the  phenomena,  and  being  very  desirous  to  search 
a  little  farther  into  this  matter ;  I  began  to  think  of  erecting  an  instrument 
for  myself  at  Wansted,  that,  having  it  always  at  hand,  I  might  with  the 
more  ease  and  certainty  inquire  into  the  laws  of  this  new  motion.  The 
consideration  likewise  of  being  able  by  another  instrument  to  confirm  the 
truth  of  the  observations  hitherto  made  with  Mr.  Molyneux's  was  no  small 
inducement  to  me;  but  the  chief  of  all  was,  the  opportunity  I  should  thereby 
have  of  trying  in  what  manner  other  stars  were  affected  by  the  same  cause, 
whatever  it  was.  For  Mr.  Molyneux's  instrument,  being  originally  designed 
for  observing  y  Draconis,  (in  order,  as  I  said  before,  to  try  whether  it  had 
any  sensible  parallax,)  was  so  contrived  as  to  be  capable  of  but  little  altera- 
tion in  its  direction,  not  above  seven  or  eight  minutes  of  a  degree :  and  there 
being  few  stars  within  half  that  distance  from  the  zenith  of  Kew  bright 
enough  to  be  well  observed,  he  could  not,  with  his  instrument,  throughly 
examine  how  this  cause  affected  stars  differently  situated  with  respect  to  the 
equinoctial  and  solstitial  points  of  the  ecliptic. 

These  considerations  determined  me;  and  by  the  contrivance  and  direction 
of  the  same  ingenious  person,  Mr.  Graham,  my  instrument  was  fixed  up 
August  19,  1727.  As  I  had  no  convenient  place  where  I  could  make  use  of 
so  long  a  telescope  as  Mr.  Molyneux's,  I  contented  myself  with  one  of  but 
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little  more  than  half  the  length  of  his,  (viz.  ahout  12£  feet,  his  being  24^,) 
judging  from  the  experience  which  I  had  already  had,  that  this  radius 
would  be  long  enough  to  adjust  the  instrument  to  a  sufficient  degree  of  ex- 
actness ;  and  I  have  had  no  reason  since  to  change  my  opinion ;  for  from  all 
the  trials  I  have  yet  made,  I  am  very  well  satisfied,  that  when  it  is  carefully 
rectified,  its  situation  may  be  securely  depended  upon  to  half  a  second.  As 
the  place  where  my  instrument  was  to  be  hung  in  some  measure  determined 
its  radius,  so  did  it  also  the  length  of  the  arch,  or  limb,  on  which  the  divi- 
sions were  made  to  adjust  it :  for  the  arch  could  not  conveniently  be  ex- 
tended farther  than  to  reach  to  about  <>  ["  on  each  side  of  my  zenith.  This 
indeed  was  sufficient,  since  it  gave  me  an  opportunity  of  making  choice  of  se- 
veral stars,  very  different  both  in  magnitude  and  situation;  there  being  more 
than  two  hundred  inserted  in  the  British  catalogue,  that  may  be  observed 
with  it.  I  needed  not  to  have  extended  the  limb  so  far,  but  that  I  was  will- 
ing to  take  in  Capella,  the  only  star  of  the  first  magnitude  that  comes  so 
near  my  zenith. 

My  instrument  being  fixed,  I  immediately  began  to  observe  such  stars  as  I 
judged  most  proper  to  give  me  light  into  the  cause  of  the  motion  already 
mentioned.  There  was  variety  enough  of  small  ones;  and  not  less  than 
twelve  that  I  could  observe  through  all  the  seasons  of  the  year;  they  being 
bright  enough  to  be  seen  in  the  day-time,  when  nearest  the  sun.  I  had  not 
been  long  observing,  before  I  perceived  that  the  notion  we  had  before  enter- 
tained of  the  stars  being  farthest  north  and  south,  when  the  sun  was  about 
the  equinoxes,  was  only  true  of  those  that  were  near  the  solstitial  colure : 
and  after  I  had  continued  my  observations  a  few  months,  I  discovered  what 
I  then  apprehended  to  be  a  general  law,  observed  by  all  the  stars,  viz.  that 
each  of  them  became  stationary,  or  was  farthest  north  or  south,  when  they 
passed  over  my  zenith  at  six  of  the  clock,  either  in  the  morning  or  evening. 
I  perceived  likewise,  that  whatever  situation  the  stars  were  in  with  respect 
to  the  cardinal  points  of  the  ecliptic,  the  apparent  motion  of  every  one 
tended  the  same  way,  when  they  passed  my  instrument  about  the  same  hour 
of  the  day  or  night ;  for  they  all  moved  southward,  while  they  passed  in  the 
day,  and  northward  in  the  night;  so  that  each  was  farthest  north  when  it 
came  about  six  of  the  clock  in  the  evening,  and  farthest  south  when  it  came 
about  six  in  the  morning. 

Though  I  have  since  discovered  that  the  maxima  in  most  of  these  stare  do 
not  happen  exactly  when  they  come  to  my  instrument  at  those  hours,  yet  not 
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being  able  at  tliat  time  to  prove  the  contrary,  and  supposing  that  they  did,  I 
endeavoured  to  find  out  what  proportion  the  greatest  alterations  of  declina- 
tion in  different  stars  bore  to  each  other ;  it  being  very  evident  that  they  did 
not  all  change  their  declination  equally.  I  have  before  taken  notice  that  it 
appeared  from  Mr.  Molyneux  s  observations,  that  y  Draconis  altered  its  de- 
clination about  twice  as  much  as  the  forementioned  small  star  almost  oppo- 
site to  it;  but  examining  the  matter  more  particularly,  I  found  that  the 
greatest  alteration  of  declination  in  these  stare  was  as  the  sine  of  the  latitude 
of  each  respectively.  This  made  me  suspect  that  there  might  be  the  like 
proportion  between  the  maxima  of  other  stars ;  but  finding  that  the  observa- 
tions of  some  of  them  would  not  perfectly  correspond  with  such  an  hypothe- 
sis, and  not  knowing  whether  the  small  difference  I  met  with  might  not  be 
owing  to  the  uncertainty  and  error  of  the  observations,  I  deferred  the  farther 
examination  into  the  truth  of  this  hypothesis,  till  I  should  be  furnished  with 
a  series  of  observations  made  in  all  parts  of  the  year;  which  might  en- 
able me  not  only  to  determine  what  errors  the  observations  are  liable  to,  or 
how  far  they  may  safely  be  depended  upon ;  but  also  to  judge  whether  there 
had  been  any  sensible  change  in  the  parts  of  the  instrument  itself. 

Upon  these  considerations  I  laid  aside  all  thoughts  at  that  time  about  the 
cause  of  the  forementioned  phenomena,  hoping  that  I  should  the  easier  dis- 
cover it,  when  I  was  better  provided  with  proper  means  to  determine  more 
precisely  what  they  were. 

When  the  year  was  completed,  I  began  to  examine  and  compare  my  ob- 
servations, and  having  pretty  well  satisfied  myself  as  to  the  general  laws  of 
the  phenomena,  I  then  endeavoured  to  find  out  the  cause  of  them.  I  was  al- 
ready convinced  that  the  apparent  motion  of  the  stars  was  not  owing  to  a 
nutation  of  the  earth's  axis.  The  next  thing  that  offered  itself  was  an  al- 
teration in  the  direction  of  the  plumb-line,  with  which  the  instrument  was 
constantly  rectified ;  but  this  upon  trial  proved  insufficient.  Then  I  con- 
sidered what  refraction  might  do;  but  here  also  nothing  satisfactory  oc- 
curred. At  last  I  conjectured  that  all  the  phenomena  hitherto  mentioned 
proceeded  from  the  progressive  motion  of  light  and  the  earth's  annual  motion 
in  its  orbit.  For  I  perceived  that,  if  light  was  propagated  in  time,  the  ap- 
parent place  of  a  fixed  object  would  not  be  the  same  when  the  eye  is  at  rest, 
as  when  it  is  moving  in  any  other  direction  than  that  of  the  line  passing 
through  the  eye  and  object;  and  that  when  the  eye  is  moving  in  different  di- 
rections, the  apparent  place  of  the  object  would  be  different. 
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I  considered  this  matter  in  the  following  manner.  I  ima- 
gined C  A  to  be  a  ray  of  light,  falling  perpendicularly  upon 
the  line  BD;  then  if  the  eye  is  at  rest  at  A,  the  object  must 
appear  in  the  direction  A  C,  whether  light  be  propagated 
in  time  or  in  an  instant.   But  if  the  eye  is  moving  from 
B  towards  A,  and  light  is  propagated  in  time,  with  a  ve- 
locity that  is  to  the  velocity  of  the  eye,  as  C  A  to  B  A ;  then 
light  moving  from  C  to  A,  whilst  the  eye  moves  from  B  to 
A,  that  particle  of  it  by  which  the  object  will  be  discerned 
when  the  eye  in  its  motion  comes  to  A,  is  at  C  when  the 
eye  is  at  B.  Joining  the  points  B,C,  I  supposed  the  line 
C  B  to  be  a  tube  (inclined  to  the  line  B  D  in  the  angle   D  " 
D  B  C)  of  such  a  diameter  as  to  admit  of  but  one  particle  of  light  j 
was  easy  to  conceive  that  the  particle  of  light  at  C  (by  which  the  object 
must  be  seen  when  the  eye,  as  it  moves  along,  arrives  at  A)  would  pass 
through  the  tube  B  C,  if  it  is  inclined  to  B  D  in  the  angle  D  B  C,  and  ac- 
companies the  eye  in  its  motion  from  B  to  A;  and  that  it  could  not  come  to 
the  eye,  placed  behind  such  a  tube,  if  it  had  any  other  inclination  to  the  line 
BD.    If  instead  of  supposing  C B  so  small  a  tube,  we  imagine  it  to  be  the 
axis  of  a  larger ;  then,  for  the  same  reason,  the  particle  of  light  at  C  could 
not  pass  through  that  axis,  unless  it  is  inclined  to  B  D,  in  the  angle  C  B  D. 
In  like  manner,  if  the  eye  moved  the  contrary  way,  from  D  towards  A,  with 
the  same  velocity;  then  the  tube  must  be  inclined  in  the  angle  B DC.  Al- 
though therefore  the  true  or  real  place  of  an  object  is  perpendicular  to  the 
line  in  which  the  eye  is  moving,  yet  the  visible  place  will  not  be  so,  since 
that,  no  doubt,  must  be  in  the  direction  of  the  tube ;  but  the  difference  be- 
tween the  true  and  apparent  place  will  be  (caeteris  paribus)  greater  or  less, 
according  to  the  different  proportion  between  the  velocity  of  light  and  that  of 
the  eye.    So  that  if  we  could  suppose  that  light  was  propagated  in  an  in- 
stant, then  there  would  be  no  difference  between  the  real  and  visible  place  of 
an  object,  although  the  eye  were  in  motion ;  for  in  that  case,  A  C  being  infi- 
nite with  respect  to  A  B,  the  angle  A  C  B  (the  difference  between  the  true 
and  visible  place)  vanishes.    But  if  light  be  propagated  in  time,  (which  I 
presume  will  readily  be  allowed  by  most  of  the  philosophers  of  this  age,) 
then  it  is  evident  from  the  foregoing  considerations,  that  there  will  be  al- 
ways a  difference  between  the  real  and  visible  place  of  an  object,  unless  the 
eye  is  moving  either  directly  towards  or  from  the  object.    And  in  all 
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the  sine  of  the  difference  between  the  real  and  visible  place  of  the  object 
will  be  to  the  sine  of  the  visible  inclination  of  the  object  to  the  line  in  which 
the  eye  is  moving,  as  the  velocity  of  the  eye  to  the  velocity  of  light. 

If  light  moved  but  1000  times  faster  than  the  eye,  and  an  object  (sup- 
posed to  be  at  an  infinite  distance)  was  really  placed  perpendicularly  over 
the  plane  in  which  the  eye  is  moving,  it  follows  from  what  hath  been  al- 
ready said,  that  the  apparent  place  of  such  an  object  will  be  always  inclined 
to  that  plane,  in  an  angle  of  89°  56' J ;  so  that  it  will  constantly  apppear  S'£ 
from  its  true  place,  and  seem  so  much  less  inclined  to  the  plane,  that  way 
towards  which  the  eye  tends.  That  is,  if  A  C  is  to  A B  (or  AD)  as  1000 
to  1,  the  angle  ABC  will  be  89°  56'£,  and  A  C  B  =  S'£,  and  B  C  D  = 
2  ACB  =  f.  So  that,  according  to  this  supposition,  the  visible  or  apparent 
place  of  the  object  will  be  altered  7',  if  the  direction  of  the  eye's  motion  is  at 
one  time  contrary  to  what  it  is  at  another. 

If  the  earth  revolve  round  the  sun  annually,  and  the  velocity  of  light 
were  to  the  velocity  of  the  earth's  motion  in  its  orbit  (which  I  will  at  pre- 
sent suppose  to  be  a  circle)  as  1000  to  1;  then  'tis  easy  to  conceive  that  a 
star,  really  placed  in  the  very  pole  of  the  ecliptic,  would,  to  an  eye  carried 
along  with  the  earth,  seem  to  change  its  place  continually,  and  (neglecting 
the  small  difference  on  the  account  of  the  earth's  diurnal  revolution  on  its 
axis)  would  seem  to  describe  a  circle  round  that  pole  every  way  distant 
therefrom  S'£.  So  that  its  longitude  would  be  varied  through  all  the  points 
of  the  ecliptic  every  year ;  but  its  latitude  would  always  remain  the  same. 
Its  right  ascension  would  also  change,  and  its  declination,  according  to  the 
different  situation  of  the  sun  in  respect  to  the  equinoctial  points;  and  its  ap- 
parent distance  from  the  north  pole  of  the  equator  would  be  T  less  at  the  au- 
tumnal than  at  the  vernal  equinox. 

The  greatest  alteration  of  the  place  of  a  star  in  the  pole  of  the  ecliptic  (or 
which  in  effect  amounts  to  the  same,  the  proportion  between  the  velocity  of 
light  and  the  earth's  motion  in  its  orbit)  being  known,  it  will  not  be  difficult 
to  find  what  would  be  the  difference  upon  this  account  between  the  true  and 
apparent  place  of  any  other  star  at  any  time;  and,  on  the  contrary,  the  differ- 
ence between  the  true  and  apparent  place  being  given,  the  proportion  be- 
tween the  velocity  of  light  and  the  earth's  motion  in  its  orbit  may  be  found. 

As  I  only  observed  the  apparent  difference  of  declination  of  the  stars,  I 
shall  not  now  take  any  farther  notice  in  what  manner  such  a  cause  as  I  have 
here  supposed  would  occasion  an  alteration  in  their  apparent  places  in  other 
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respects ;  but,  supposing  the  earth  to  more  equally  in  a  circle,  it  may  be 
gathered,  from  what  hath  been  already  said,  that  a  Btar  which  is  neither  in 
the  pole  nor  plane  of  the  ecliptic  will  seem  to  describe  about  its  true  place  a 
figure  insensibly  different  from  au  ellipse,  whose  transverse  axis  is  at  right 
angles  to  the  circle  of  longitude  passing  through  the  star's  true  place,  and 
equal  to  the  diameter  of  the  little  circle  described  by  a  star  (as  was  l>efore 
supposed)  in  the  pole  of  the  ecliptic;  and  whose  conjugate  axis  is  to  its  trans- 
verse axis,  as  the  sine  of  the  star's  latitude  to  the  radius.  And  allowing  that 
a  star  by  its  apparent  motion  does  exactly  describe  such  an  ellipse,  it  will  be 
found  that  if  A  lie  the  angle  of  position,  (or  the  angle  at  the  star  made  by 
two  great  circles  drawn  from  it  through  the  poles  of  the  ecliptic  and  equa- 
tor,) and  B  be  another  angle,  whose  tangent  is  to  the  tangent  of  A  as  radius 
to  the  sine  of  the  latitude  of  the  star;  then  B  will  be  equal  to  the  difference 
of  longitude  between  the  sun  and  the  star,  when  the  true  and  apparent  de- 
clination of  the  star  are  the  same.  And  if  the  sun's  longitude  in  the  ecliptic 
be  reckoned  from  that  point  wherein  it  is  when  this  happens,  then  the  dif- 
ference between  the  true  and  apparent  declination  of  the  star  (on  account  of 
the  cause  I  am  now  considering)  will  be  always  as  the  sine  of  the  sun's  lon- 
gitude from  thence.  It  will  likewise  be  found,  that  the  greatest  difference  of 
declination  that  can  be  between  the  true  and  apparent  place  of  the  star,  will 
be  to  the  semi-transverse  axis  of  the  ellipse,  (or  to  the  semi-diameter  of  the 
little  circle  described  by  a  star  in  the  pole  of  the  ecliptic.)  as  the  sine  of  A  to 
the  sine  of  B. 

If  the  star  hath  north  latitude,  the  time  when  its  true  and  apparent  de- 
clination are  the  same  is  before  the  sun  comes  in  conjunction  with  or  oppo- 
sition to  it,  if  its  longitude  be  in  the  first  or  last  quadrant  (viz.  in  the  ascend- 
ing semicircle)  of  the  ecliptic;  and  after  them,  if  in  the  descending  semicircle; 
and  it  will  appear  nearest  to  the  north  pole  of  the  equator  at  the  time  of  that 
maximum  (or  when  the  greatest  difference  between  the  true  and  apparent 
declination  happens)  which  precedes  the  sun's  conjunction  with  the  star. 

These  particulars  being  sufficient  for  my  present  purpose,  I  shall  not  de- 
tain you  with  the  recital  of  any  more,  or  with  any  farther  explication  of 
these.  It  may  be  time  enough  to  enlarge  more  upon  this  head,  when  I  give 
a  description  of  the  instruments,  &c.  if  that  be  judged  necessary  to  be  done ; 
and  when  I  shall  find  what  I  now  advance  to  be  allowed  of  (as  I  flatter  my- 
self it  will)  as  something  more  than  a  bare  hypothesis.  I  have  purposely 
omitted  some  matters  of  no  great  moment,  and  considered  the  earth  as 
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moving  in  a  circle,  and  not  an  ellipse,  to  avoid  too  perplexed  a  calculus, 
which,  after  all  the  trouble  of  it,  would  not  sensibly  differ  from  that  which  I 
make  use  of,  especially  in  those  consequences  which  I  shall  at  present  draw 
from  the  foregoing  hypothesis. 

This  being  premised,  I  shall  now  proceed  to  determine  from  the  observa- 
tions what  the  real  proportion  is  between  the  velocity  of  light  and  the  velo- 
city of  the  earth's  annual  motion  in  its  orbit;  upon  supposition  that  the  pha> 
nomena  before  mentioned  do  depend  upon  the  causes  I  have  here  assigned. 
But  I  must  first  let  you  know,  that  iu  all  the  observations  hereafter  men- 
tioned, I  have  made  an  allowance  for  the  change  of  the  star's  declination  on 
account  of  the  precession  of  the  equinox,  upon  supposition  that  the  alteration 
from  this  cause  is  proportional  to  the  time,  and  regular  through  all  the  parts 
of  the  year.  I  have  deduced  the  real  annual  alteration  of  declination  of  each 
star  from  the  observations  themselves;  ami  I  the  rather  choose  to  depend 
upon  them  in  this  article,  l>ecause  all  which  I  have  yet  made  concur  to 
prove  that  the  stars  near  the  equinoctial  colure  change  their  declination  at 
this  time  l"£  or  2"  in  a  year  more  than  they  would  do  if  the  precession  was 
only  50",  as  is  now  generally  supposed.  I  have  likewise  met  with  some 
small  varieties  in  the  declination  of  other  stars  in  different  years,  which  do 
not  seem  to  proceed  from  the  same  cause,  particularly  in  those  that  are  near 
the  solstitial  colure,  which  on  the  contrary  have  altered  their  declination  less 
than  they  ought,  if  the  precession  was  50".  But  whether  these  small  altera- 
tions proceed  from  a  regular  cause,  or  are  occasioned  by  any  change  in  the 
materials,  &c.  of  my  instrument,  I  am  not  yet  able  fully  to  determine.  How- 
ever, I  thought  it  might  not  be  amiss  just  to  mention  to  you  how  I  have  en- 
deavoured to  allow  for  them,  though  the  result  would  have  been  nearly  the 
same  if  I  had  not  considered  them  at  all.  What  that  is,  I  will  shew,  first, 
from  the  observations  of  y  Draconis,  which  was  found  to  be  39"  more  south- 
erly in  the  beginning  of  March  than  in  September. 

From  what  hath  been  premised,  it  will  appear  that  the  greatest  alteration 
of  the  apparent  declination  of  y  Draconis,  on  account  of  the  successive  propa- 
gation of  light,  would  be  to  the  diameter  of  the  little  circle  which  a  star  (as 
was  before  remarked)  would  seem  to  describe  about  the  pole  of  the  ecliptic; 
as  39"  to  40",  4.  The  half  of  this  is  the  angle  A  C  B,  (as  represented  in  the 
fig.)  This  therefore  being  20",  2,  A  C  will  be  to  A  B,  that  is,  the  velocity  of 
light  to  the  velocity  of  the  eye  (which  in  this  case  may  be  supposed  the  same 
as  the  velocity  of  the  earth's  annual  motion  in  its  orbit)  as  10210  to  1,  from 
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whence  it  would  follow,  that  light  moves  or  is  propagated  as  far  as  from 
the  sun  to  the  earth  in  8'  12". 

It  is  well  known  that  Mr.  Roemer,  who  first  attempted  to  account  for  an 
apparent  inequality  in  the  times  of  the  eclipses  of  Jupiter's  satellites,  by  the 
hypothesis  of  the  progressive  motion  of  light,  supposed  that  it  spent  about  11 
minutes  of  time  in  its  passage  from  the  sun  to  us  :  but  it  hath  since  been 
concluded  by  others,  from  the  like  eclipses,  that  it  is  propagated  as  far  in 
about  7  minutes.  The  velocity  of  light  therefore  deduced  from  the  fore- 
going hypothesis,  is  as  it  were  a  mean  betwixt  what  had  at  different  times 
been  determined  from  the  eclipses  of  Jupiter's  satellites. 

These  different  methods  of  finding  the  velocity  of  light  thus  agreeing  in 
the  result,  we  may  reasonably  conclude,  not  only  that  these  phenomena  are 
owing  to  the  causes  to  which  they  have  been  ascribed;  but  also,  that  light  is 
propagated  (in  the  same  medium)  with  the  same  velocity  after  it  hath  been 
reflected  as  before:  for  this  will  be  the  consequence,  if  we  allow  that  the 
light  of  the  sun  is  propagated  with  the  same  velocity,  before  it  is  reflected, 
as  the  light  of  the  fixed  stars.  And  I  imagine  this  will  scarce  be  questioned, 
if  it  can  be  made  appear  that  the  velocity  of  the  light  of  all  the  fixed  stars  is 
equal,  and  that  their  light  moves  or  is  propagated  through  equal  spaces  in 
equal  times,  at  all  distances  from  them:  both  which  points  (as  I  apprehend)  are 
sufficiently  proved  from  the  apparent  alteration  of  the  declination  of  stars  of 
different  lustre ;  for  that  is  not  sensibly  different  in  such  stars  as  seem  near 
together,  though  they  appear  of  very  different  magnitudes.  And  whatever 
their  situations  are,  (if  I  proceed  according  to  the  foregoing  hypothesis,)  I 
find  the  same  velocity  of  light  from  my  observations  of  small  stars  of  the 
fifth  or  sixth,  as  from  those  of  the  second  and  third  magnitude,  which  in  all 
probability  are  placed  at  very  different  distances  from  us.  The  small  star, 
for  example,  before  spoken  of,  that  is  almost  opposite  to  y  Draconis,  (l>eing 
the  35th  Camelopard.  Hevelii  in  Mr.  Flamsteed's  Catalogue,)  was  19"  more 
northerly  about  the  beginning  of  March  than  in  September.  Whence  I  con- 
clude, according  to  my  hypothesis,  that  the  diameter  of  the  little  circle  de- 
scribed by  a  star  in  the  pole  of  the  ecliptic  would  be  40",  2. 

The  last  star  of  the  Great  Bear's  tail  of  the  second  magnitude  (marked  r, 
by  Bayer)  was  36"  more  southerly  about  the  middle  of  January  than  in 
July.  Hence  the  maximum  or  greatest  alteration  of  declination  of  a  star  in 
the  pole  of  the  ecliptic  would  be  40",  4,  exactly  the  same  as  was  before  found 
from  the  observations  of  y  Draconis. 
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The  star  of  the  fifth  magnitude  in  the  head  of  Perseus,  marked  t  hy 
Bayer,  wag  25"  more  northerly  about  the  end  of  December  than  on  the  29th 
of  July  following :  hence  the  maximum  would  be  41".  This  star  is  not  bright 
enough  to  l>e  seeu  as  it  passes  over  my  zenith  about  the  end  of  June,  when 
it  should  be,  according  to  the  hypothesis,  farthest  south.  But  because  I  can 
more  certainly  depend  upon  the  greatest  alteration  of  declination  of  those 
stars,  which  I  have  frequently  observed  about  the  times  when  they  become 
stationary,  with  respect  to  the  motion  I  am  now  considering;  I  will  set 
down  a  few  more  instances  of  such,  from  which  you  may  be  able  to  judge 
how  near  it  may  be  possible  from  these  observations  to  determine  with  what 
velocity  light  is  propagated. 

a.  Persei  Bayeri  was  2S"  more  northerly  at  the  beginning  of  January  than 
in  July;  hence  the  maximum  would  be  40",  2.  a  Cassiopea;  was  34"  more 
northerly  about  the  end  of  December  than  in  June ;  hence  the  maximum 
would  be  40",  8.  /3  Draconis  was  39"  more  northerly  in  the  beginning  of 
September  than  in  March ;  hence  the  maximum  would  be  40",  2.  Capella 
was  about  16"  more  southerly  in  August  than  in  February;  hence  the  maxi- 
mum would  be  about  40".  But  this  star  being  farther  from  my  zenith  than 
those  I  have  before  made  use  of,  I  caunot  so  well  depend  upon  my  observa- 
tions of  it,  as  of  the  others;  because  I  meet  with  some  small  alterations  of  its 
declination  that  do  not  seem  to  proceed  from  the  cause  I  am  now  considering. 

I  have  compared  the  observations  of  several  other  stars,  and  they  all 
conspire  to  prove  that  the  maximum  is  about  40"  or  41".  I  will  therefore 
suppose  that  it  is  40"  or  (which  amounts  to  the  same)  that  light  moves  or 
is  propagated  as  far  as  from  the  sun  to  us  in  8'  13".  The  near  agreement 
which  I  met  with  among  my  observations  induces  me  to  think,  that  the 
maximum  (as  I  have  here  fixed  it)  cannot  differ  so  much  as  a  second  from  the 
truth,  and  therefore  it  is  probable  that  the  time  which  light  spends  in  pass- 
ing from  the  sun  to  us  may  be  determined  by  these  observations  within  5" 
or  10";  which  is  such  a  degree  of  exactness  as  we  can  never  hojK*  to  attain 
from  the  eclipses  of  Jupiter's  satellites. 

Having  thus  found  the  maximum,  or  what  the  greatest  alteration  of  decli- 
nation would  be  in  a  star  placed  in  the  pole  of  the  ecliptic,  I  will  now  deduce 
from  it  (according  to  the  foregoing  hypothesis)  the  alteration  of  declination 
in  one  or  two  stars,  at  such  times  as  they  were  actually  observed,  in  order  to 
see  how  the  hypothesis  will  correspond  with  the  phenomena  through  all  the 
parts  of  the  year. 
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It  would  be  too  tedious  to  set  down  the  whole  series  of  my  observations ; 
I  will  therefore  make  choice  only  of  such  as  are  most  proper  for  my  present 
purpose,  and  will  begin  with  those  of  y  Draconis. 

This  star  appeared  farthest  north  about  September  7th,  1727,  as  it  ought 
to  have  done  according  to  my  hypothesis.  The  following  table  shews  how 
much  more  southerly  the  star  was  found  to  be  by  observation  in  several 
parts  of  the  year,  and  likewise  how  much  more  southerly  it  ought  to  be  ac- 
cording to  the  hypothesis. 
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Hence  it  appears  that  the  hypothesis  corresponds  with  the  observations  of 
this  star  through  all  parts  of  the  year;  for  the  small  differences  between 
them  seem  to  arise  from  the  uncertainty  of  the  observations,  which  is  oc- 
casioned (as  I  imagine)  chiefly  by  the  tremulous  or  undulating  motion  of  the 
air,  and  of  the  vapours  in  it ;  which  causes  the  stars  sometimes  to  dance  to 
and  fro,  so  much  that  it  is  difficult  to  judge  when  they  are  exactly  on  the 
middle  of  the  wire  that  is  fixed  in  the  common  focus  of  the  glasses  of  the 
telescope. 

I  must  confess  to  you,  that  the  agreement  of  the  observations  with  each 
other,  as  well  as  with  the  hypothesis,  is  much  greater  than  I  expected  to  find 
before  I  had  compared  them ;  and  it  may  possibly  be  thought  to  be  too  great 
by  those  who  have  been  used  to  astronomical  observations,  and  know  how 
difficult  it  is  to  make  such  as  are  in  all  respects  exact.  But  if  it  would  be  any 
satisfaction  to  such  persons,  (till  I  have  an  opportunity  of  describing  my  in- 
strument and  the  manner  of  using  it,)  I  could  assure  them,  that  in  above 
seventy  observations  which  I  made  of  this  star  in  a  year,  there  is  but  one 
(and  that  is  noted  as  very  dubious  on  account  of  clouds)  which  differs  from 
the  foregoing  hypothesis  more  than  2",  and  this  does  not  differ  8". 
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This  therefore  being  the  fact,  I  cannot  but  think  it  very  probable  that  the 
phenomena  proceed  from  the  cause  I  have  assigned,  since  the  foregoing  ob- 
servations make  it  sufficiently  evident,  that  the  effect  of  the  real  cause,  what- 
ever it  is,  varies  in  tin's  star,  in  the  same  proportion  that  it  ought  according 
to  the  hypothesis. 

But  lest  y  Dracouis  may  be  thought  not  so  proper  to  shew  the  propor- 
tion in  which  the  apparent  alteration  of  declination  is  increased  or  diminish- 
ed, as  those  stars  which  lie  near  the  equinoctial  colure ;  I  will  give  you  also 
the  comparison  between  the  hypothesis  and  the  observations  of  vj  Urna  ma- 
joris,  that  which  was  farthest  south  about  the  17th  day  of  January  1728, 
agreeable  to  the  hypothesis.  The  following  table  shews  how  much  more 
northerly  it  was  found  by  observation  in  several  parts  of  the  year,  and  also 
what  the  difference  should  have  been  accordiug  to  the  hypothesis. 


Tfcr  tHITrrmi-* 
of  it**  llnolloa 

tfUB. 

Tln»  tlllFrrrtir* 

«if  drctliittlod 
by  ihr  hypo- 
thec*. 

Th#  tfltfi'mu-e 
of  itwilnMion 
liy  ir...  ■ .  i. 
Hoe. 

Th»   !;  rT.  - .  n, 
of  oWlliiAliua 
liy  th*  hypo- 

liwta. 

1727.  September  14 

  24 

October  16 
Novemltcr  1 1 
December  14 

1728.  February  17 
March  21 

// 

294 
244 
194 

114 

4 

if, 

ft 

284 
254 
194 

104 

s 
s 

104 

172R  April  16 
May  5 
June  5 

  25 

July  17 
August  2 

September  20 

II 

184 

244 

82 

35 

36 

35 

264 

II 
18 
234 

314 

344 

36 

3j 

I  find  upon  examination  that  the  hypothesis  agrees  altogether  as  exactly 
with  the  observations  of  this  star  as  the  former;  for  in  about  fifty  that  were 
made  of  it  in  a  year,  I  do  not  meet  with  a  difference  of  so  much  as  2",  ex- 
cept in  one,  which  is  marked  as  doubtful  on  account  of  the  undulation  of  the 
air,  &c.  and  this  does  not  differ  3"  from  the  hypothesis. 

The  agreement  between  the  hypothesis  and  the  observations  of  this  star  is 
the  more  to  be  regarded,  since  it  proves  that  the  alteration  of  declination,  on 
account  of  the  precession  of  the  equinox,  is  (as  I  before  supposed)  regular 
through  all  parts  of  the  year ;  so  far  at  least  as  not  to  occasion  a  difference 
great  enough  to  be  discovered  with  this  instrument.  It  likewise  proves  the 
other  part  of  my  former  supposition,  viz.  that  the  annual  alteration  of  decli- 
nation in  stars  near  the  equinoctial  colure,  is  at  this  time  greater  than  a 
precession  of  50"  would  occasion :  for  this  star  was  20"  more  southerly  in 
September  1728,  than  in  September  1727,  that  is,  about  2"  more  than  it 
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would  have  \xxn  if  the  precession  was  but  50".  But  I  may  hereafter,  per- 
haps, be  better  able  to  determine  this  point,  from  rny  observations  of  those 
stars  that  lie  near  the  equinoctial  colure,  at  about  the  same  distance  from  the 
north  pole  of  the  equator,  and  nearly  opposite  in  right  ascension. 

I  think  it  needless  to  give  you  the  comparison  between  the  hypothesis  and 
the  observations  of  any  more  stars ;  since  the  agreement  in  the  foregoing  is  a 
kind  of  demonstration,  (whether  it  be  allowed  that  I  have  discovered  the  real 
cause  of  the  phenomena  or  not,)  that  the  hypothesis  gives  at  least  the  true 
law  of  the  variation  of  declination  in  different  stars,  with  respect  to  their  dif- 
ferent situations  and  aspects  with  the  sun.  And  if  this  is  the  case,  it  must 
In-  granted  that  the  parallax  of  the  fixed  stars  is  much  smaller  than  hath 
been  hitherto  supposed  by  those  who  have  pretended  to  deduce  it  from  their 
observations.  I  believe  that  I  may  venture  to  say,  that  in  either  of  the  two 
stars  last  mentioned  it  does  not  amount  to  2".  I  am  of  opinion,  that  if  it 
were  1"  I  should  have  perceived  it,  in  the  great  number  of  observations  that 
I  made,  especially  of  y  Draconis;  which  agreeing  with  the  hypothesis  (with- 
out allowing  any  thing  for  parallax)  nearly  as  well  when  the  sun  was  in 
conjunction  with,  as  in  opposition  to,  this  star,  it  seems  very  probable  that 
the  parallax  of  it  is  not  so  great  as  one  single  second;  and  consequently  that 
it  is  above  400,000  times  farther  from  us  than  the  sun. 

There  appearing  therefore  after  all  no  sensible  parallax  in  the  fixed  stars, 
the  Anti-Copernicans  have  still  room  on  that  account  to  object  against  the 
motion  of  the  earth;  and  they  may  have  (if  they  please)  a  much  greater  ob- 
jection against  the  hypothesis  by  which  I  have  endeavoured  to  solve  the 
forementioned  phenomena,  by  denying  the  progressive  motion  of  light,  as 
well  as  that  of  the  earth. 

But  as  I  do  not  apprehend  that  either  of  these  postulates  will  be  denied  me 
by  the  generality  of  the  astronomers  and  philosophers  of  the  present  age ;  so 
I  shall  not  doubt  of  obtaining  their  assent  to  the  consequences  which  I  have 
deduced  from  them,  if  they  are  such  as  have  the  approbation  of  so  great  a 
judge  of  them  as  yourself.    I  am, 

Sir,  your  most  obedient 

humble  servant, 

J.  BRADLEY. 
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AS  to  the  observations  of  Dr.  Hooke,  I  must  own  to  you,  that  before 
Mr.  Molyneux's  instrument  was  erected,  I  had  no  small  opinion  of  their  cor- 
rectness ;  the  length  of  his  telescope,  and  the  care  he  pretends  to  have  taken 
in  making  them  exact,  having  been  strong  inducements  with  me  to  think 
them  so.  And  since  I  have  been  convinced  both  from  Mr.  Molyneux's  ob- 
servations and  my  own,  that  the  Doctor's  are  really  very  far  from  being 
either  exact  or  agreeable  to  the  phenomena,  I  am  greatly  at  a  loss  how  to 
account  for  it.  I  cannot  well  conceive  that  an  instrument  of  the  length  of 
thirty-six  feet,  constructed  in  the  manner  be  describes  his,  could  have  been 
liable  to  an  error  of  near  80",  (which  was  doubtless  the  case,)  if  rectified 
with  so  much  care  as  he  represents. 

The  observations  of  Mr.  Flamsteed  of  the  different  distances  of  the  pole 
star  from  the  pole  at  different  times  of  the  year,  which  were  through  mistake 
looked  upon  by  some  as  a  proof  of  the  annual  parallax  of  it,  seem  to  have 
been  made  with  much  greater  care  than  those  of  Dr.  Hooke.  For  though  they 
do  not  all  exactly  correspond  with  each  other,  yet  from  the  whole  Mr.  Flam- 
steed  concluded  that  the  star  was  85",  40",  or  45"  nearer  the  pole  in  Decem- 
ber than  in  May  or  July:  and  according  to  my  hypothesis  it  ought  to  ap- 
pear 40"  nearer  in  December  than  in  June.  The  agreement  therefore  of  the 
observations  with  the  hypothesis  is  greater  than  could  reasonably  be  ex- 
pected, considering  the  radius  of  the  instrument,  and  the  manner  in  which  it 
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A  Letter  to  the  Rt.  Hon.  George  Earl  of  Macclesfield,  concerning 
an  apparent  Motion  observed  in  some  of  the  Fixed  Stars. 

[Philosophical  Transactions,  N°.  4H5.  vol.  XLV.  p.  1.] 
My  Lord, 

JThE  great  exactness  with  which  instrument*  are  now  constructed  hath 
enabled  the  astronomers  of  the  present  age  to  discover  several  changes  in  the 
positions  of  the  heavenly  bodies,  which,  by  reason  of  their  smallness,  had 
escaped  the  notice  of  their  predecessors.  And  although  the  causes  of  such 
motions  have  always  subsisted,  yet  philosophers  had  not  so  fully  considered 
what  the  effects  of  those  known  causes  would  be,  as  to  demonstrate  a  priori 
the  phenomena  they  might  produce ;  so  that  theory  itself  is  here,  as  well  as 
in  many  other  cases,  indebted  to  practice,  for  the  discovery  of  some  of  its 
most  elegant  deductions.  This  points  out  to  us  the  great  advantage  of  culti- 
vating this,  as  well  as  every  other  branch  of  natural  knowledge,  by  a  regular 
series  of  observations  and  experiments. 

The  progress  of  astronomy  indeed  has  always  been  found  to  have  so  great 
a  dependence  upon  accurate  observations,  that  till  such  were  made,  it  ad- 
vanced but  slowly:  for  the  first  considerable  improvements  that  it  received, 
in  point  of  theory,  were  owing  to  the  renowned  Tycho  Brahe ;  who,  far  ex- 
ceeding those  that  had  gone  before  him  in  the  exactness  of  his  observations, 
enabled  the  sagacious  Kepler  to  find  out  some  of  the  principal  laws  relating 
to  the  motion  of  the  heavenly  bodies.  The  invention  of  telescopes  and  pen- 
dulum-clocks affording  proper  means  of  still  farther  improving  the  praxis  of 
astronomy;  and  these  being  also  soon  succeeded  by  the  wonderful  discoveries 
made  by  our  great  Newton,  as  to  its  theory;  the  science,  in  both  respects, 
had  acquired  such  extraordinary  advancement,  that  future  ages  seemed  to 
have  little  room  left  for  making  any  great  improvements.  But,  in  fact,  we 
find  the  case  to  be  very  different;  for,  as  we  advance  in  the  means  of  making 
more  nice  inquiries,  new  points  generally  offer  themselves  that  demand  our 
attention.  The  subject  of  my  present  letter  to  your  lordship  is  a  proof  of 
the  truth  of  this  remark ;  for  as  soon  as  I  had  discovered  the  cause,  and 
settled  the  laws  of  the  aberratious  of  the  fixed  stars,  arising  from  the  motion 

D 


Digitized  by  Google 


18 


NUTATION. 


of  light,  &c.  whereof  I  gave  an  account  in  N".  406."  of  the  Philosophical 
Transactions,  my  attention  was  again  excited  by  another  new  phaenomenon, 
viz.  an  annual  change  of  declination  in  some  of  the  fixed  stars ;  which  ap- 
peared to  be  sensibly  greater  about  that  time,  than  a  precession  of  the  equi- 
noctial points  of  50"  in  a  year  would  have  occasioned.  The  quantity  of  the 
difference,  though  small  in  itself,  was  rendered  perceptible,  through  the  ex- 
actness of  my  instrument,  even  in  the  first  year  of  my  observations ;  but 
being  then  at  a  loss  to  guess  from  what  cause  that  greater  change  of  declina- 
tion proceeded,  I  endeavoured  to  allow  for  it  in  my  computations,  by  making 
use  of  the  observed  annual  difference,  as  mentioned  in  p.  652 b  of  the  same 
Transaction. 

From  that  time  to  the  present  I  have  continued  to  make  observations  at 
Wansted,  as  opportunity  offered,  with  a  view  of  discovering  the  laws  and 
cause  of  this  phaenomenon :  for,  by  the  favour  of  my  very  kind  and  worthy 
friend  Matthew  Wymondesold,  esq.  my  instrument  has  remained  where  it 
was  first  erected  ;  so  that  I  have  been  able,  without  any  interruption,  which 
the  removal  of  it  to  another  place  would  have  occasioned,  to  proceed  on  with 
my  intended  series  of  observations  for  the  space  of  twenty  years:  a  term 
somewhat  exceeding  the  whole  period  of  the  changes  that  happen  in  this 
phaenomenon. 

When  I  shall  mention  the  small  quantity  of  the  deviation  which  the  stars 
are  subject  to  from  the  cause  that  I  have  been  so  long  searching  after,  I  am 
apprehensive  that  I  may  incur  the  censure  of  some  persons,  for  having  spent 
so  much  time  in  the  pursuit  of  such  a  seeming  trifle :  but  the  caudid  lovers 
of  science  will,  I  hope,  make  due  allowance  for  that  natural  ardour  with 
which  the  mind  is  urged  on  towards  the  discovery  of  truths,  in  themselves 
perhaps  of  small  moment,  were  it  not  that  they  tend  to  illustrate  others  of 
greater  use. 

The  apparent  motions  of  the  heavenly  bodies  are  so  complicated,  and  af- 
fected by  such  a  variety  of  causes,  that  in  many  cases  it  is  extremely  diffi- 
cult to  assigu  to  each  its  due  share  of  influence;  or  distinctly  to  point  out 
what  part  of  the  motion  is  the  effect  of  one  cause,  and  what  of  another :  and 
whilst  the  joint  effects  of  all  are  only  attended  to,  great  irregularities  and 
seeming  inconsistencies  frequently  occur;  whereas,  when  we  are  able  to  allot 
to  each  particular  cause  its  proper  effect,  harmony  and  uniformity  usually 

•  See  above,  p.  I .  h  See  abore,  p.  10. 
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Such  seeming  irregularities  being  also  blended  with  the  unavoidable  errors 
which  astronomical  observations  must  be  alwavs  liable  to,  as  well  from  the 
imperfection  of  our  senses,  as  of  the  instruments  that  we  make  use  of, 
have  often  very  much  perplexed  those  who  have  attempted  to  solve  the  phe- 
nomena :  and  till  means  are  discovered  whereby  we  can  separate  and  distin- 
guish the  particular  part  of  the  whole  motion  that  is  owing  to  each  re- 
spective cause,  it  will  be  impossible  to  be  well  assured  of  the  truth  of  any  so- 
lution. For  these  reasons  we  generally  find,  that  the  more  exact  the  instru- 
ments are  that  we  make  use  of,  and  the  more  regular  the  series  of  observa- 
tions is  that  we  take,  the  sooner  we  are  enabled  to  discover  the  cause  of  any 
new  phsenomenon.  For  when  we  can  be  well  assured  of  the  limits  wherein 
the  errors  of  the  observations  are  contained;  and  have  reduced  them  within 
as  narrow  bounds  as  possible,  by  the  perfection  of  the  instruments  which  we 
employ;  we  need  not  hesitate  to  ascribe  such  apparent  changes,  as  manifestly 
exceed  those  limits,  to  some  other  causes.  Upon  these  accounts  it  is  incum- 
bent upon  the  practical  astronomer  to  set  out  at  first  with  the  examination 
of  the  correctness  of  his  instruments,  and  to  be  assured  that  they  are  suffi- 
ciently exact  for  the  use  he  intends  to  make  of  them ;  or  at  least  he  should 
know  within  what  limits  their  errors  are  confined. 

This  practice  has,  in  an  eminent  manner,  been  lately  recommended  by 
your  lordship's  noble  example;  who  having,  out  of  a  singular  regard  for  the 
science  of  astronomy,  erected  an  observatory,  and  furnished  it  with  as  com- 
plete an  apparatus  of  instruments  as  our  best  artists  could  contrive,  would 
not  fully  rely  on  their  exactness,  till  their  divisions  had  undergone  the 
strictest  reexamination  ;  whereby  they  are  probably  now  rendered  as  perfect 
in  their  kind  as  any  extant,  or  as  human  skill  can  at  present  produce. 

The  lovers  of  this  science  in  general  cannot  but  acknowledge  their  obliga- 
tions to  your  lordship  on  this  account;  but  I  find  myself  more  particularly 
bound  to  do  it,  since,  by  means  of  your  lordship's  most  accurate  observa- 
tions, I  have  been  enabled  to  settle  some  principal  elements;  which  I  could 
not  at  present  otherwise  have  done  for  want  of  an  instrument  at  the  Royal 
Observatory  proper  for  that  purpose :  for  the  large  mural  quadrant,  which 
is  there  fixed  to  observe  objects  lying  southward  of  the  zenith,  however  per- 
fect an  instrument  it  may  be  in  itself,  is  not  alone  sufficient  to  determine, 
with  proper  exactness,  either  the  latitude  of  the  Observatory,  or  the  quantity 
of  refraction  corresponding  to  different  altitudes :  for  it  being  too  heavy  to 
be  conveniently  removed,  and  the  room  wherein  it  is  placed  being  too  small 
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to  admit  of  its  being  turned  to  the  opposite  side  of  the  wall,  whereon  it  now 
hangs,  I  cannot,  by  actual  observations  of  the  circumpolar  stars,  settle  those 
necessary  points,  and  therefore  have  endeavoured  to  do  it  by  comparing  my 
own  with  your  lordship's  observations ;  and  until  this  defect  in  the  appara- 
tus belonging  to  the  Royal  Observatory  be  removed,  we  must  be  indebted  to 
your  lordship  for  the  knowledge  of  its  true  situation. 

A  mind,  intent  upon  the  pursuit  of  any  kind  of  knowledge,  will  always  be 
agreeably  entertained  with  what  can  supply  the  most  proper  means  of  attain- 
ing it :  such  to  the  practical  astronomer  are  exact  and  well-contrived  instru- 
ments ;  and  I  reflect  with  pleasure  on  the  opportunities  I  have  enjoyed  of 
cultivating  an  acquaintance  and  friendship  with  the  person  that,  of  all 
others,  has  most  contributed  to  their  improvement.  For  I  am  sensible  that, 
if  my  own  endeavours  have,  in  any  respect,  been  effectual  to  the  advance- 
ment of  astronomy,  it  has  principally  been  owing  to  the  advice  and  assist- 
ance given  me  by  our  worthy  member  Mr.  George  Graham ;  whose  great 
skill  and  judgment  in  mechanics,  joined  with  a  complete  and  practical  know- 
ledge of  the  uses  of  astronomical  instruments,  enable  him  to  contrive  and 
execute  them  in  the  most  perfect  manner. 

The  gentlemen  of  the  Royal  Academy  of  Sciences,  to  whom  we  are  so 
highly  obliged  for  their  exact  admeasurement  of  the  quantity  of  a  degree 
under  the  arctic  circle,  have  already  given  the  world  very  convincing  proofs 
of  his  care  and  abilities  in  those  respects;  and  the  particular  delineation, 
which  they  have  lately  published,  of  the  several  parts  of  the  sector,  which  he 
made  for  them,  hath  now  rendered  it  needless  to  enter  upon  any  minute  de- 
scription of  mine  at  Wansted ;  both  being  constructed  upon  the  same  prin- 
ciples, and  differing  in  their  component  parts  chiefly  on  account  of  the  dif- 
ferent purposes  for  which  they  were  intended. 

As  mine  was  originally  designed  to  take  only  the  differences  of  the  zenith 
distances  of  stars,  in  the  various  seasons  of  the  year,  without  any  view  of 
discovering  their  true  places,  I  had  no  occasion  to  know  exactly  what  point 
on  the  limb  corresponded  to  the  true  zenith ;  and  therefore  no  provision  was 
made  in  my  sector  for  the  changing  of  its  situation  for  that  purpose.  Nei- 
ther was  it  necessary  that  the  divisions  or  points  on  the  arc  should  be  set  off, 
with  the  utmost  accuracy,  equidistant  from  each  other ;  because,  when  I  ob- 
serve any  particular  star,  the  same  spot  or  point  being  first  bisected  by  the 
plumb-line,  and  then  the  screw  of  the  micrometer  turned  until  the  star  ap- 
pears upon  the  middle  of  the  wire  that  is  fixed  in  the  common  focus  of  the 
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glasses  of  the  telescojie,  I  cau  thereby  collect  how  far  the  star  is  from  that 
given  point  at  the  time  of  observation  ;  and  afterwards,  by  comparing  toge- 
ther the  several  observations  that  are  made  of  it,  I  am  able  to  discover  what 
apparent  change  has  happened.  The  quantity  of  the  visible  alteration  in  the 
position  of  the  stars  being  expressed  by  revolutions  and  parts  of  a  revolu- 
tion of  the  screw  of  the  micrometer,  I  endeavoured  to  determine,  with  great 
care,  the  true  angle  answering  thereto;  and,  after  various  trials,  I  thoroughly 
satisfied  myself,  both  of  the  equality  of  the  threads  of  the  screw,  and  of  the 
precise  number  of  seconds  corresponding  to  them. 

But  although  these  points  could  be  settled  with  great  certainty,  I  was 
nevertheless  obliged  to  make  one  supposition;  which  perhaps  to  some  per- 
sons may  seem  of  too  great  moment  in  the  present  inquiry  to  be  admitted 
without  an  evident  proof  from  facts  and  experiments.  For  I  suppose  that 
the  line  of  collimation  of  my  telescope  has  invariably  preserved  the  same  di- 
rection, with  respect  to  the  divisions  upon  the  arc,  during  the  whole  course 
of  my  observations.  And  indeed  it  was  on  account  of  the  objections  which 
might  have  been  raised  against  such  a  postulate,  that  I  thought  it  necessary 
to  continue  my  series  of  observations  for  so  many  years,  before  I  published 
the  conclusions,  which  I  shall  at  present  endeavour  to  draw  from  them. 

Whoever  compares  the  result  of  the  several  trials  that  have  been  made  by 
the  gentlemen  of  the  Academy  of  Sciences  for  determining  the  zenith  point 
of  their  sector,  since  their  return  from  the  north,  will,  I  presume,  allow  that 
mine  is  not  an  unreasonable  or  precarious  supposition ;  since  it  is  evident, 
from  their  observations,  that  the  line  of  collimation  of  that  instrument  under- 
went no  sensible  change  in  its  direction  during  the  space  of  more  than  a 
whole  year ;  although  it  was  several  times  taken  down,  and  set  up  again  in 
different  and  remote  places ;  whereas  mine  hath  always  remained  suspended 
in  the  same  place. 

But  besides  such  a  strong  argument  for  the  probability  of  the  truth  of  my 
supposition,  I  have  the  satisfaction  of  finding  it  actually  verified  by  the  ob- 
servations themselves ;  which  plainly  prove,  that  at  the  end  of  the  full  period 
of  the  deviations  which  I  am  going  to  mention,  the  stars  are  found  to  have 
the  same  positions  by  the  instrument  as  they  ought  to  have,  supposing  the 
line  of  collimation  to  have  continued  unaltered  from  the  time  when  I  first 
began  to  observe. 

I  have  already  taken  notice  in  what  manner  this  phenomenon  discovered 
itself  to  me  at  the  end  of  my  first  year's  observations,  viz.  by  a  greater  ap- 
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parent  change  of  declination  in  the  stars  near  the  equinoctial  colure,  than 
could  arise  from  a  precession  of  50"  in  a  year;  the  mean  quantity  now 
usually  allowed  by  astronomers.  But  there  appearing  at  the  same  time  an 
effect  of  a  quite  contrary  nature  in  some  stars  near  the  solstitial  colure, 
which  seemed  to  alter  their  declination  less  than  a  precession  of  50"  requir- 
ed, I  was  thereby  convinced  that  all  the  pbamomena,  in  the  different  stars, 
could  not  be  accounted  for,  merely  by  supposing  that  1  had  assumed  a  wrong 
quantity  for  the  precession  of  the  equinoctial  points. 

At  first  I  had  a  suspicion  that  some  of  these  small  apparent  alterations  in 
the  places  of  the  stars  might  possibly  be  occasioned  by  a  change  in  the  ma- 
terials, or  in  the  position  of  the  parts  of  my  sector :  but  upon  considering 
how  firmly  the  arc,  on  which  the  divisions  or  points  are  made,  is  fastened  to 
the  plate  wherein  the  wire  is  fixed  that  lies  in  the  focus  of  the  object-glass, 
I  saw  no  reason  to  apprehend  that  any  change  could  have  happened  in  the 
position  of  that  wire  and  those  points.  The  suspension  therefore  of  the 
plummet  being  the  most  likely  cause  from  whence  I  conceived  any  uncer- 
tainty could  arise,  and  the  wire  of  which  had  been  broken  three  or  four 
times  in  the  first  year  of  my  observations,  I  attempted  to  examine  whether 
part  of  the  forementioned  apparent  motions  might  not  have  been  owing  to  the 
different  plumb-lines  that  had  been  made  use  of.  In  order  to  determine  this, 
I  adjusted  a  particular  point  of  the  arc  to  the  plumb-line  with  all  the  exactness 
I  could ;  and  then,  taking  off  the  old  wire,  I  immediately  hung  on  another, 
with  which  the  same  spot  was  again  compared.  I  repeated  the  experiment 
three  or  four  times,  and  thereby  fully  satisfied  myself  that  no  sensible  error 
could  arise  from  the  use  of  different  plumb-lines ;  since  the  various  adjust- 
ments of  the  same  point  agreed  with  each  other  within  less  than  half  a  se- 
cond. 

Having  then,  from  such  trials,  sufficient  reason  to  conclude  that  these  se- 
cond unexpected  deviations  of  the  stars  were  not  owing  to  any  imperfection 
of  my  instrument,  after  I  had  settled  the  laws  of  the  aberrations  arising 
from  the  motion  of  light,  &c.  I  judged  it  proper  to  continue  my  observations 
of  the  same  stars;  hoping  that,  by  a  regular  and  longer  series  of  them,  car- 
ried on  through  several  succeeding  years,  I  might  at  length  be  enabled  to 
discover  the  real  cause  of  such  apparent  inconsistencies. 

As  I  resided  chiefly  at  Wansted,  after  my  sector  was  erected  there  in  the 
year  1727,  till  the  beginning  of  May  1732,  when  I  removed  from  thence  to 
Oxford,  I  had,  during  my  abode  at  Wansted,  frequent  opportunities  of  re- 
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peating  my  observations ;  and  thereby  discovered  so  many  particulars  relat- 
ing to  these  phenomena,  that  I  began  to  guess  what  was  the  real  cause  of 
them. 

It  appeared  from  my  observations,  that,  during  this  interval  of  time,  some 
of  the  stars  near  the  solstitial  colure  had  changed  their  declinations  9"  or 
10"  less  than  a  precession  of  50"  would  have  produced ;  and,  at  the  same 
time,  that  others  near  the  equinoctial  colure  had  altered  theirs  about  the 
same  quantity  more  than  a  like  precession  would  have  occasioned:  the 
north  pole  of  the  equator  seeming  to  have  approached  the  stars,  which  come 
to  the  meridian  with  the  sun,  about  the  vernal  equinox  and  the  winter  sol- 
stice ;  and  to  have  receded  from  those  which  come  to  the  meridian  with  the 
sun  about  the  autumnal  equinox  and  the  summer  solstice. 

When  I  considered  these  circumstances,  and  the  situation  of  the  ascending 
node  of  the  moon's  orbit,  at  the  time  when  I  first  began  my  observations ;  I 
suspected  that  the  moon's  action  upon  the  equatorial  parts  of  the  earth 
might  produce  these  effects :  for  if  the  precession  of  the  equinox  be,  accord- 
ing to  sir  Isaac  Newton's  principles,  caused  by  the  actions  of  the  sun  and 
moon  upon  those  parts,  the  plane  of  the  moon's  orbit  being  at  one  time 
above  ten  degrees  more  inclined  to  the  plane  of  the  equator  than  at  another, 
it  was  reasonable  to  conclude,  that  the  part  of  the  whole  annual  precession, 
which  arises  from  her  action,  would  in  different  years  be  varied  in  its 
quantity;  whereas  the  plane  of  the  ecliptic,  wherein  the  sun  appears,  keep- 
ing always  nearly  the  same  inclination  to  the  equator,  that  part  of  the  pre- 
cession which  is  owing  to  the  sun's  action  may  be  the  same  every  year : 
and  from  hence  it  would  follow,  that  although  the  mean  annual  precession, 
proceeding  from  the  joint  actions  of  the  sun  and  moon,  were  50",  yet  the  ap- 
parent annual  precession  might  sometimes  exceed,  and  sometimes  fall  short 
of  that  mean  quantity,  according  to  the  various  situations  of  the  nodes  of  the 
moon's  orbit. 

In  the  year  1727,  when  my  instrument  was  first  set  up,  the  moon's  ascend- 
ing node  was  near  the  beginning  of  Aries ;  and  consequently  her  orbit  was 
as  much  inclined  to  the  equator  as  it  can  at  any  time  be ;  and  then  the  ap- 
parent annual  precession  was  found  by  my  first  year's  observations  to  be 
greater  than  the  mean :  which  proved  that  the  stars  near  the  equinoctial 
colure,  whose  declinations  are  most  of  all  affected  by  the  precession,  had 
changed  theirs  above  a  tenth  part  more  than  a  precession  of  50"  would  have 
caused.   The  succeeding  year's  observations  proved  the  same  thing ;  and  in 
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three  or  four  years'  time  the  difference  became  so  considerable,  as  to  leave  no 
room  to  suspect  that  it  was  owing  to  any  imperfection  either  of  the  instru- 
ment or  observations. 

But  some  of  the  stars  which  I  had  observed,  that  were  near  the  solstitial 
colure,  having  appeared  to  move,  during  the  same  time,  in  a  manner  con- 
trary to  what  they  ought  to  have  done,  by  an  increase  in  the  precession ;  and 
the  deviations  in  them  being  as  remarkable  as  in  the  others,  I  perceived 
that  something  more  than  a  mere  change  in  the  quantity  of  the  precession 
would  be  requisite  to  solve  this  part  of  the  phenomenon.  Upon  comparing  rny 
observations  of  stars  near  the  solstitial  colure  that  were  almost  opposite  to 
each  other  in  right  ascension,  I  found  that  they  were  equally  affected  by  this 
cause ;  for  whilst  y  Draconis  appeared  to  have  moved  northward,  the  small 
star,  which  is  the  35th  Camelopardali  Hevel.  in  the  British  Catalogue,  seemed 
to  have  gone  as  much  towards  the  south :  which  shewed  that  this  apparent 
motion  in  both  those  stars  might  proceed  from  a  nutation  in  the  earth's 
axis ;  whereas  the  comparison  of  my  observations  of  the  same  stars  formerly 
enabled  me  to  draw  a  different  conclusion  with  respect  to  the  cause  of  the 
annual  aberrations  arising  from  the  motion  of  light.  For  the  apparent  al- 
teration in  y  Draconis,  from  that  cause,  being  as  great  again  as  in  the  other 
small  star,  proved  that  that  phenomenon  did  not  proceed  from  a  nutation  of 
the  earth's  axis ;  as,  on  the  contrary,  this  may.  Upon  making  the  like  com- 
parison between  the  observations  of  other  stars  that  lie  nearly  opposite  in 
right  ascension,  whatever  their  situations  were  with  respect  to  the  cardinal 
points  of  the  equator,  it  appeared  that  their  change  of  declination  was  nearly 
equal,  but  contrary,  and  such  as  a  nutation  or  motion  of  the  earth's  axis 
would  effect. 

The  moon's  ascending  node  being  got  back  towards  the  beginning  of  Ca- 
pricorn in  the  year  1732,  the  stars  near  the  equinoctial  colure  appeared 
about  that  time  to  change  their  declinations  no  more  than  a  precession  of 
50"  required ;  whilst  some  of  those  near  the  solstitial  colure  altered  theirs 
above  2"  in  a  year  less  than  they  ought.  Soon  after,  I  perceived  the  annual 
change  of  declination  of  the  former  to  be  diminished,  so  as  to  become  less 
than  50"  of  precession  would  cause;  and  it  continued  to  diminish  till  the 
year  1736,  when  the  moon's  ascending  node  was  about  the  beginning  of 
Libra,  and  her  orbit  had  the  least  inclination  to  the  equator.  But  by  this 
time  some  of  the  stars  near  the  solstitial  colure  had  altered  their  declinations 
18"  less,  since  the  year  1727,  than  they  ought  to  have  done  from  a  precession 


Digitized  by  Google 


NUTATION. 


25 


of  50".  For  y  Draconis,  which  in  those  nine  years  should  have  gone  about 
8"  more  southerly,  was  observed  in  1736  to  appear  10"  more  northerly  than 
it  did  in  the  year  1727. 

As  this  appearance  in  y  Draconis  indicated  a  diminution  of  the  inclination 
of  the  earth's  axis  to  the  plane  of  the  ecliptic;  and  as  several  astronomers 
have  supposed  that  inclination  to  diminish  regularly;  if  this  phenomenon 
depended  upon  such  a  cause,  and  amounted  to  18"  in  nine  years,  the  obli- 
quity of  the  ecliptic  would  at  that  rate  alter  a  whole  minute  in  thirty  years ; 
which  is  much  faster  than  any  observations  before  made  woidd  allow.  I  had 
reason  therefore  to  think  that  some  part  of  this  motion  at  the  least,  if  not 
the  whole,  was  owing  to  the  moon's  action  upon  the  equatorial  parts  of  the 
earth ;  which  I  conceived  might  cause  a  libratory  motion  of  the  earth's  axis. 
But  as  I  was  unable  to  judge,  from  only  nine  years*  observations,  whether 
the  axis  would  entirely  recover  the  same  position  that  it  had  in  the  year  1727, 
I  found  it  necessary  to  continue  my  observations  through  a  whole  period  of 
the  moon's  nodes ;  at  the  end  of  which  I  had  the  satisfaction  to  see  that  the 
stars  returned  into  the  same  positions  again,  as  if  there  had  been  no  altera- 
tion at  all  in  the  inclination  of  the  earth's  axis ;  which  fully  convinced  me 
that  I  had  guessed  rightly  as  to  the  cause  of  the  phenomena.  This  circum- 
stance proves  likewise,  that  if  there  be  a  gradual  diminution  of  the  obliquity 
of  the  ecliptic,  it  does  not  arise  only  from  an  alteration  in  the  position  of 
the  earth's  axis,  but  rather  from  some  chauge  in  the  plane  of  the  ecliptic 
itself ;  because  the  stars,  at  the  end  of  the  period  of  the  moon's  nodes,  ap- 
peared in  the  same  places,  with  respect  to  the  equator,  as  they  ought  to  have 
done,  if  the  earth's  axis  had  retained  the  same  inclination  to  an  invariable 
plane. 

During  the  course  of  my  observations,  our  ingenious  secretary  of  the 
Royal  Society,  Mr.  John  Machin,  being  employed  in  considering  the  theory 
of  gravity,  and  its  consequences  with  regard  to  the  celestial  motions,  I  ac- 
quainted him  with  the  phenomena  that  I  had  observed,  and  at  the  same 
time  mentioned  what  I  suspected  to  be  the  cause  of  them.  He  soon  after 
sent  me  a  table,  containing  the  quantity  of  the  annual  precession  in  the  va- 
rious positions  of  the  moon's  nodes,  as  also  the  corresponding  nutations  of 
the  earth's  axis;  which  was  computed  upon  the  supposition  that  the  mean 
annual  precession  is  50",  and  that  the  whole  is  governed  by  the  pole  of  the 
moon's  orbit  only :  and  therefore  he  imagined  that  the  numbers  in  the  table 
would  be  too  large,  as  in  fact  they  were  found  to  be.    But  it  appeared  that 
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the  changes  which  I  had  observed,  both  in  the  annual  precession  and  nut a- 

of  his  table.  Those  were  calculated  upon  the  supposition  that  the  pole  of 
the  equator,  during  a  period  of  the  moon's  nodes,  moved  round  in  the  peri- 
phery of  a  little  circle  whose  centre  was  23"  29'  distant  from  the  pole  of  the 
ecliptic,  having  itself  also  an  angular  motion  of  50"  in  a  year  about  the  same 
pole :  the  north  pole  of  the  equator  was  conceived  to  be  in  that  part  of  the 
small  circle  which  is  farthest  from  the  north  pole  of  the  ecliptic  at  the  time 
when  the  moon's  ascending  node  is  in  the  beginning  of  Aries,  and  in  the  op- 
posite point  of  it  when  the  same  node  is  in  Libra. 

Such  a  hypothesis  will  account  for  an  acceleration  and  retardation  of  the 
annual  precession,  as  also  for  a  nutation  of  the  earth's  axis ;  and  if  the  dia- 
meter of  the  little  circle  be  supposed  equal  to  18",  which  is  the  whole  quan- 
tity of  the  nutation,  as  collected  from  my  observation  of  y  Draconis,  then  all 
the  phenomena  in  the  several  stars  which  I  observed  will  be  very  nearly 
solved  by  it 

Let  P  represent  the  mean  place  of  the 
pole  of  the  equator,  about  which  point, 
as  a  centre,  suppose  the  true  pole  to 
move  in  the  circle  A  BCD,  whose  di- 
ameter is  18".  Let  E  be  the  pole  of 
the  ecliptic,  and  EP  be  equal  to  the 
mean  distance  between  the  poles  of  the 
equator  and  ecliptic;  and  suppose  the 
true  pole  of  the  equator  to  be  at  A 
when  the  moon's  ascending  node  is  in 
the  beginning  of  Aries,  and  at  B  when  the  node  gets  back  to  Capricorn, 
and  at  C  when  the  same  node  is  in  Libra,  at  which  time  the  north  pole  of 
the  equator  being  nearer  the  north  pole  of  the  ecliptic  by  the  whole  diame- 
ter of  the  little  circle  A  C  equal  to  18",  the  obliquity  of  the  ecliptic  will  then 
be  so  much  less  than  it  was  when  the  moon's  ascending  node  was  in  Aries. 
The  point  P  is  supposed  to  move  round  E  with  an  equal  retrograde  motion, 
answerable  to  the  mean  precession  arising  from  the  joint  actions  of  the  sun 
and  moon,  while  the  true  pole  of  the  equator  moves  round  P  in  the  circum- 
ference A  BCD,  with  a  retrograde  motiou  likewise,  in  a  period  of  the  moon  s 
nodes,  or  of  eighteen  years  and  seven  months.  By  this  means,  when  the 
moon's  ascending  node  is  in  Aries,  and  the  true  pole  of  the  equator  at  A  is 
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moving  from  A  towards  B,  it  will  approach  the  stars  that  come  to  the  meri- 
dian with  the  mm  about  the  vernal  equinox,  and  recede  from  those  that  come 
with  the  sun  near  the  autumnal  equinox,  faster  than  the  mean  pole  P  does. 
So  that  while  the  moon's  node  goes  back  from  Aries  to  Capricorn,  the  appa- 
rent precession  will  seem  so  much  greater  than  the  mean,  as  to  cause  the 
stars  that  lie  in  the  equinoctial  colure  to  have  altered  their  declination  9"  in 
about  four  years  and  eight  months  more  than  the  mean  precession  would 
do;  and  in  the  same  time  the  north  pole  of  the  equator  will  seem  to  have 
approached  the  stars  that  come  to  the  meridian  with  the  sun  at  our  winter 
solstice  about  9",  and  to  have  receded  as  much  from  those  that  come  with 
the  sun  at  the  summer  solstice. 

Thus  the  phenomena  before  recited  are  in  general  conformable  to  this 
hypothesis.  But  to  be  more  particular;  let  8  tx?  the  place  of  a  star,  PS  the 
circle  of  declination  passing  through  it,  representing  its  distance  from  the 
mean  pole,  and  r  P8  its  mean  right  ascension.  Then  if  O  and  R  be  the 
points  where  the  circle  of  declination  cuts  the  little  circle  A  B  C  D,  the  true 
pole  will  be  nearest  that  star  at  O,  and  farthest  from  it  at  R ;  the  whole  dif- 
ference amounting  to  18",  or  to  the  diameter  of  the  little  circle.  As  the  true 
pole  of  the  equator  is  supposed  to  be  at  A  when  the  moon's  ascending  node 
is  in  Aries,  and  at  B  when  that  node  gets  back  to  Capricorn,  and  the  an- 
gular motion  of  the  true  pole  about  P  is  likewise  supposed  equal  to  that  of 
the  moou's  node  about  E,  or  the  pole  of  the  ecliptic ;  since  in  these  cases  the 
true  pole  of  the  equator  is  90  degrees  before  the  moon's  ascending  node,  it 
must  be  so  in  all  others. 

When  the  true  pole  is  at  A,  it  will  be  at  the  same  distance  from  the  stars 
that  lie  in  the  equinoctial  colure  as  the  mean  pole  P  is ;  for  I  neglect  at  pre- 
sent the  case  of  such  stars  as  are  very  near  the  pole  of  the  equator ;  and  as 
the  true  pole  recedes  back  from  A  towards  B,  it  will  approach  the  stars  that 
lie  in  that  part  of  the  colure  represented  by  P  *r,  and  recede  from  those  that 
lie  in  P  « ;  not  indeed  with  an  equable  motion,  but  in  the  ratio  of  the  sine  of 
the  distance  of  the  moon's  node  from  the  beginning  of  Aries.  For  if  the 
node  be  supposed  to  have  gone  backwards  from  Aries  30%  or  to  the  begin- 
ning of  Pisces ;  the  point,  which  represents  the  place  of  the  true  pole  will  in 
the  mean  time  have  moved  in  the  little  circle  through  an  arc,  as  A  O,  of  30° 
likewise;  and  would  therefore  in  efTect  have  approached  the  stars  that  lie  in 
the  equinoctial  colure  P  «r,  and  have  receded  from  those  that  lie  in  P  ^, 
4"  ^ ;  which  is  the  sine  of  30*  to  the  radius  A  P.    For  if  a  perpendicular  fall 
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from  O  upon  P  A,  it  may  be  conceived  as  part  of  a  great  circle  passing 
through  the  true  pole  and  any  star  lying  in  the  equinoctial  colure.  Now  the 
same  proportion  that  holds  in  these  stars  will  obtain  likewise  in  all  others ; 
and  from  hence  we  may  collect  a  general  rule  for  finding  how  much  nearer 
or  farther  any  particular  star  is  to  or  from  the  mean  pole  in  any  given  posi- 
tion of  the  moon's  node. 

For  if  from  the  right  ascension  of  the  star  we  substract  the  distance  of 
the  moon's  ascending  node  from  Aries,  then  the  radius  will  be  to  the  sine  of 
the  remainder,  as  9"  is  to  the  number  of  seconds  that  the  star  is  nearer  to 
or  farther  from  the  true  than  the  mean  pole.  When  that  remainder  is  less 
than  180",  the  star  is  nearer  to  the  true  than  to  the  mean  pole;  and  the  con- 
trary when  it  is  greater  than  180°. 

This  motion  of  the  true  pole  about  the  mean  at  P  will  also  produce  a 
change  in  the  right  ascensions  of  the  stars,  and  in  the  places  of  the  equinoc- 
tial points,  as  well  as  in  the  obliquity  of  the  ecliptic ;  and  the  quantity  of 
the  equations,  in  either  of  these  cases,  may  be  easily  computed  for  any  given 
position  of  the  moon's  nodes.  But  as  it  may  be  needless  to  dwell  longer  on 
the  explication  of  the  hyjwthesis,  I  shall  now  proceed  to  shew  its  corre- 
spondency with  the  phenomena  relating  to  the  alterations  of  the  polar  dis- 
tances of  some  of  the  stars  which  I  have  observed,  by  laying  before  your 
lordship  the  observations  themselves,  together  with  the  computations  that 
are  necessary,  in  order  to  form  a  right  judgment  about  the  cause  of  these  ap- 
pearances. 

I  have  endeavoured  to  find  the  exact  quantity  of  the  mean  precession  of 
the  equinoctial  points,  by  comparing  my  own  observations  made  at  Green- 
wich, with  those  of  Tycho  Brahe  and  others,  which  I  judged  to  be  most 
proper  for  that  purpose.  But  as  many  of  the  stars  which  I  compared  gave 
a  different  quantity,  I  shall  assume  the  mean  result,  which  gives  a  preces- 
sion of  one  degree  in  seventy-one  years  and  an  half;  this  agreeing  very  well 
likewise  with  my  observations  that  were  taken  at  Wansted.  The  numbers 
in.  the  following  tables,  which  express  the  change  of  declination  in  each  star, 
are  computed  upon  the  supposition  that  the  mean  obliquity  of  the  ecliptic 
was  23s  28'  SO",  and  that  it  continued  the  same  during  the  whole  course  of 
my  observations.  And  as  the  moon's  ascending  node  was  in  the  beginning 
of  Aries  about  the  27th  day  of  March  1727,  I  have  reduced  the  place  of  each 
star  to  that  time;  by  allowing  the  proper  change  of  declination  from  that 
day  to  the  day  of  each  respective  observation. 
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It  being  also  necessary  to  make  an  allowance  for  the  aberrations  of  light, 
I  have  again  examined  my  observations  that  were  most  proper  to  determine 
the  transverse  axis  of  the  ellipsis  which  each  star  seems  to  describe,  and 
have  found  it  to  be  nearest  to  40";  which  number  I  therefore  make  use  of  in 
the  following  computations. 

The  divisions  or  points  upon  the  limb  of  my  sector  are  placed  five  minutes 
of  a  degree  from  each  other,  and  are  numbered  so  as  to  shew  the  polar  dis- 
tances nearly,  the  true  polar  distance  exceeding  that  which  is  shewn  by  the 
instrument  about  1'  35".  When  I  first  began  to  observe,  I  generally  made 
use  of  that  point  on  the  limb  which  was  nearest  to  the  star's  polar  distance, 
without  regarding  whether  it  was  more  northerly  or  more  southerly  than 
the  star;  but  as  it  sometimes  happened  that  the  original  point,  with  which  I 
at  first  compared  the  star,  became  in  process  of  time  pretty  remote  from  it, 
I  afterwards  brought  the  plummet  to  another  point  that  was  nearer  to  it, 
and  carefully  examined  what  number  of  revolutions  of  the  screw  of  the  mi- 
crometer, See.  corresponded  to  the  distance  between  the  different  points  that 
I  had  made  use  of :  by  which  means  I  was  able  to  reduce  all  the  observa- 
tions of  the  same  star  to  the  same  point,  without  supposing  the  several  divi- 
sions to  be  accurately  5'  asunder. 

I  have  expressed  the  distance  of  each  star  from  the  point  of  the  arc  with 
which  it  was  compared  in  seconds  of  a  degree  and  tenth  parts  of  a  second, 
exactly  as  it  was  collected  from  the  observations ;  although  I  am  sensible 
that  the  observations  themselves  are  liable  to  an  error  of  more  than  a  whole 
second ;  because  I  meet  with  some  that  have  been  made  within  two  or  three 
days  of  each  other  that  differ  2",  even  when  they  are  not  marked  as  de- 
fective in  any  respect. 

It  would  be  too  tedious  to  set  down  the  whole  number  of  the  observations 
that  I  have  made;  and  therefore  I  shall  give  only  enough  of  them  to  shew 
their  correspondency  with  the  forementioned  hypothesis  in  the  several  years 
wherein  any  were  made  of  the  stars  here  recited.  When  several  observations 
have  been  taken  of  the  same  star  within  a  few  days  of  each  other,  I  have 
either  set  down  the  mean  result,  or  that  observation  which  best  agreed  with 
it.  I  have  likewise  commonly  chosen  those  that  were  made  near  the  same 
season  of  the  year,  in  such  stars  as  gave  me  the  opportunity  of  making 
that  choice,  particularly  in  y  Draconis,  which  was  generally  observed  about 
the  end  of  August  or  the  beginning  of  September;  that  being  the  usual  time 
when  I  went  to  Wansted  on  purpose  to  observe  both  that  and  also  some  of 
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the  stars  in  the  Great  Bear.  But  the  weather  proving  cloudy  at  that  season, 
in  the  year  1744,  prevented  my  making  a  single  observation  either  of  y  Dra- 
conis  or  any  other  star  while  I  was  there,  which  is  the  cause  of  one  vacancy 
in  a  series  of  twenty  succeeding  years,  wherein  that  particular  star  had  been 
observed.  Such  stars  as  were  either  not  visible  in  the  day-time,  towards  the 
beginning  of  September,  or  came  at  such  hours  of  the  night  as  would  have 
incommoded  the  family  of  the  house  wherein  the  instrument  is  fixed,  were 
but  seldom  observed  after  I  went  to  reside  at  Oxford ;  which  is  the  reason 
why  the  series  of  observations  of  those  is  so  imperfect,  as  sometimes  to  leave 
a  chasm  for  several  years  together.  But  notwithstanding  this,  I  doubt  not 
but  upon  the  whole  they  will  be  found  sufficient  to  satisfy  your  lordship  of 
the  general  correspondency  between  the  hypothesis  and  the  phenomena  in 
the  several  stars,  however  different  their  situations  are  with  respect  to  the 
cardinal  points  of  the  equator. 

As  I  made  more  observations  of  y  Draeonis  than  of  any  other  star,  and  it 
being  likewise  very  near  the  zenith  of  Wansted,  I  will  begin  with  the  re- 
cital of  some  of  them.  The  point  upon  the  limb  with  which  this  star  was 
compared  was  38°  25'  from  the  north  pole  of  the  equator,  according  to  the 
numbers  of  the  arc  of  my  sector.  The  first  column  in  the  following  table 
shews  the  year  and  the  day  of  the  month  when  the  observations  were  made; 
the  next  gives  the  number  of  seconds  that  the  star  was  found  to  be  south  of 
38"  25';  the  third  contains  the  alterations  of  the  polar  distance  which  the 
mean  precession,  at  the  rate  of  one  degree  in  71  [.  years,  would  cause  in  this 
star  from  the  27th  day  of  March  1727  to  the  day  on  which  the  observation 
was  taken ;  the  fourth  shews  the  aberrations  of  light;  the  fifth,  the  equations 
arising  from  the  forementioned  hypothesis ;  and  the  sixth  gives  the  mean 
distance  of  the  star  from  the  point  with  which  it  was  compared,  found  by 
collecting  the  several  numbers,  according  to  their  signs,  in  the  third,  fourth, 
and  fifth  columns,  and  applying  them  to  the  observed  distances  contained  in 
the  second. 

If  the  observations  had  been  perfectly  exact,  and  the  several  equations  of 
their  due  quantity,  then  all  the  numbers  in  the  last  column  would  have  been 
equal ;  but  since  they  differ  a  little  from  one  another,  if  the  mean  of  all  lie 
taken,  and  the  extremes  are  compared  with  it,  we  shall  find  no  greater  differ- 
ence than  what  may  be  supposed  to  arise  from  the  uncertainty  of  the  observa- 
tions themselves;  it  nowhere  amounting  to  more  than  1"|.  The  hypothesis 
therefore  seems  in  this  star  to  agree  extremely  well  with  the  observations 


Digitized  by  Google 


NUTATION.  31 

here  set  down;  but  as  I  bad  made  above  300  of  it,  I  took  the  trouble  of  com- 
paring each  of  them  with  the  hypothesis ;  and  although  it  might  have  been 
expected  that  in  so  large  a  number  some  great  errors  would  have  occurred, 
yet  there  are  very  few,  viz.  only  eleven  that  differ  from  the  mean  of  these  so 
much  as  2",  and  not  one  that  differs  so  much  as  3".  This  surprising  agree- 
ment, therefore,  in  so  long  a  series  of  observations,  taken  in  all  the  various 
seasons  of  the  year,  as  well  as  in  the  different  positions  of  the  moon's  nodes, 
seems  to  be  a  sufficient  proof  of  the  truth  both  of  this  hypothesis  and  also  of 
that  which  I  formerly  advanced,  relating  to  the  aberrations  of  light;  since 
the  polar  distance  in  this  star  may  differ  in  certain  circumstances  almost  a 
minute,  viz.  56"^,  if  the  corrections  resulting  from  both  these  hypotheses  are 
neglected ;  whereas,  when  those  equations  are  rightly  applied,  the  mean 
place  of  the  star  comes  out  the  same,  as  nearly  as  can  be  reasonably  ex- 
peered. 


South  of 

3H'.  25'. 

Prrcrwiun. 

Alteration.  NuUtion. 

| 

Mtw  D»t. 

1727.  September  8 

1728.  March  18 
September  6 

1729.  March  6 

70.5 
108.7 

70.2 
108.3 

It 

-  0.4 

-  0.8 

-  1.2 

-  1.6 

+  19.2 
-19.0 
+  19.3 
-19.3 

-8.9 
-8.6 
-8.1 
-7.4 

80.4 
80.3 
80.2 
80.0 

SeptemlkT  H 

1730.  September  8 

1731.  September  8 

1732.  September  6 

69-4 
68.0 
66.0 
64.3 

-  2.1 

-  2.9 

-  3.8 

-  4.6 

+  19.3 
+  193 
+  19.8 
+  19.3 

-<U 
-3.9 
-1.0 
+  2.0 

80.2 
80.5 
80.5 
81.0 

1733.  August  29 

1734.  August  11 

1735.  September  10 

1736.  September  9 

60.8 
62.3 
60.0 
593 

-  5.4 

-  6.2 

-  7.1 

-  8.0 

+  19.0 
+  16.9 
+  19.3 
+  193 

+  4.8 
+6.9 
+  7.9 
+  90 

79.2 
79.9 
80.1 
79.6 

1 737.  September  6 

1738.  September  13 
1 1739  September  2 
1740.  September  5 
11741.  September  2 

60.8 
62.0 
66.6 
70.8 
75.4 

-  8.8 

-  9.6 
-10.5 
-11.3 
-12.1 

+  19.3 
+  19.3 
+  19.2 
+  19.3 
+  19.2 

+  8.5 
+  7.0 
+  4.7 
+  1.9 
-1.1 

79.8 
78.7 
80.0 
80.7 
81.4 

1 1 742.  September  5 1  76.7 

11743.  September  2  81.6 
174.5.  September  3  86.3 
1746.  September  17  86.5 
1 1747.  September  2  86.1 

-12.9 
-18.7 
-15.4 
-16.2 
-17.0 

+  19.3 
+  191 
+  192 
+192 
+  19.2 

-4.0 
-6.4 
-8.9 
-8.7 
-7.6 

79.1 
80.6 
81.2 
80.8 
80.7 

I  made  about  250  observations  of  (J  Draconis,  which  I  find  correspond  as 
well  with  the  hypothesis  as  those  of  y,  but  since  the  positions  of  both  these 
stars,  in  respect  to  the  solstitial  colure,  differ  but  little  from  each  other,  it 
will  be  needless  to  set  down  the  observations  of  0.  I  shall  therefore  proceed 
to  lay  before  your  lordship  some  observations  of  a  small  star  that  is  almost 
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opposite  to  y  Draconis  in  right  ascension,  being  the  35th  Camelopardali 
Hevel.  in  the  British  Catalogue.  Mr.  Flams  teed,  indeed,  has  not  given  the 
right  ascension  of  this  star ;  but  that  being  necessary  to  be  known  in  order 
to  compute  the  change  of  its  declination  arising  from  the  precession  of  the 
equinox,  I  compared  the  time  of  its  transit  over  the  meridian  with  that  of 
some  other  stars  near  the  same  parallel,  whereby  I  found  that  its  right  ascen- 
sion was  85"  54' £  at  the  beginning  of  the  year  1737- 

This  small  star  was  compared  with  the  same  point  of  the  limb  of  my  sec- 
tor as  y  Draconis ;  and  the  second  column  in  the  following  table  shews  how 
many  seconds  it  was  found  to  be  south  of  that  point  at  the  time  of  each  re- 
spective observation.  The  other  columns  contain,  as  in  the  foregoing  table, 
the  equations  that  are  necessary  to  find  what  its  mean  distance  from  the 
same  point  would  have  been  on  the  27th  day  of  March  1727,  which  is  ex- 
hibited in  the  last  column.  The  whole  number  of  my  observations  of  this 
Htar  did  not  much  exceed  forty,  the  greatest  part  of  which  were  mode  before 
the  year  1730;  in  some  of  the  following  years  none  were  taken,  and  ouly  a 
single  one  in  any  other,  except  in  1739-  However,  their  correspondency 
seems  sufficient  to  evince  the  truth  of  the  hypothesis :  for  if  the  mean  of 
these  contained  in  the  table  be  taken,  not  one  among  the  rest  of  the  observa- 
tions will  differ  from  it  more  than  2". 


35»b  C'unrlopard. 
Hevrlii. 

South  of 

.1*'.  25  . 

Prrtrfttion 

Aberration 

Natation. 

Mean  Dirt. 

H 

m 

u 

ii 

1727.  October 

20 

73.6 

+  0.9 

-6.7 

+  8-9 

76.7 

1728.  January 

12 

60.8 

1.2 

+  6.1 

8.8 

76.9 

March 

1 

57.8 

1.4 

+  9.4 

8.7 

77.8 

September 

26 

75.2 

2.8 

-8.8 

8.1 

76.8 

1729.  February 

26 

56.4 

«.8 

+  9.4 

7^6 

76.2 

1730.  March 

3 

57.8 

4.4 

9.4 

5.4 

770 

1781.  February 

5 

59.1 

5.6 

8.5 

+  3.0 

76.2 

1783.  January 

31 

64.1 

8.7 

8.2 

-2.9 

78.1 

1788.  December 

;jo 

61.8 

17.2 

4.3 

6.5 

7678 

1739.  February 

4 

56.9 

17.8 

8.5 

6.3 

76.4 

1740.  January 

20 

56.0 

18.6 

7.0 

-4.0 

77.6 

1747.  February 

27 

32.3 

28.5 

9.4 

+  8.4 

78.6 

The  observations  of  the  foregoing  Rtars  are  the  most  proper  to  prove  the 
change  of  the  inclination  of  the  earth's  axis  to  the  plane  of  the  ecliptic;  those 
which  follow  will  shew  in  what  manner  the  stars  that  lie  near  the  equi- 
noctial colure  are  affected,  as  well  as  others  that  are  differently  situated 
with  respect  to  the  cardinal  points  of  the  equator.  Some  of  these  stars  are 
indeed  more  remote  from  the  zenith  than  I  would  have  chosen,  if  there  had 
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been  others,  of  equal  lustre,  in  more  prope r  positions ;  because  experience  has 
long  since  taught  me,  that  the  observations  of  such  stars  as  lie  near  the 
zenith  do  generally  agree  best  with  one  another,  and  are  therefore  the  fittest 
to  prove  the  truth  of  any  hypothesis.  I  shall  begin  with  those  near  the 
vernal  equinox,  a  Cassiopea:  was  compared  with  the  point  marked  34°  55'; 
and  at  first  was  found  to  be  more  southerly,  but  afterwards  became  more 
northerly  than  that  point,  as  in  the  following  table;  the  last  column  of  which 
shews  its  mean  distance  south  of  that  point  on  the  27th  of  March  1727.  The 
observation  of  the  23d  day  of  December,  in  the  year  1738,  differs  3"  from 
the  mean  of  the  others,  as  does  also  another  that  was  taken  five  days  after 
this,  neither  of  which  being  marked  as  uncertain,  I  judged  it  proper  to  insert 
one  of  them;  although  they  give  the  mean  place  of  the  star  near  two  seconds 
more  northerly  than  any  other,  in  a  series  of  above  100;  all  of  which  corre- 
spond with  the  mean  of  these  here  recited  within  less  than  2",  excepting 
two,  that  give  the  star's  mean  distance  almost  3"  more  southerly;  but  these 
last  mentioned  are  marked  as  dubious;  and  indeed  they  appear  to  have  l>eeii 
bad,  by  comparing  them  with  several  others  that  were  made  near  the  same 
time,  from  which  they  differ  almost  2". 


Somh  of 

P-«Tt»ion. 

Ab»mni.m.  NutiUion. 

Mriui  l)i»t. 

1727.  September  9 

1728.  September  17 

1729.  June  8 
December  8 

55.0 
30.8 
35.7 
N.  94 

W 

+  9.0 
29.4 
43.8 
53.5 

H 

+  2.2 
+  4.6 
-163 
+  16.5 

H 

+  2.4 

5.2 
6.8 
7.7 

68.6 
70.0 
70.0 
68  3 

1730.  June         11  S.  13.8 
December    9  N.  30.8 

1732.  January      8  N".  49  2 

1733.  January    21  64.8 

64.0 
73.8 
95.4 
116.0 

-16.2  8.4 
+  16.3  8.8 
12.9  8.9 
+  10.0  7-9 

70.0 
68.1 
68.0 
691 

1734.  June  18 
December  11 
1738.  December  23 
1740.  June  2 
1747.  February  27 

62.8 
105.4 
176.3 
169.1 

332.3 

143.8 
153.7 
234.0 
262.8 
397.0 

-16.1  5.0 
+  16.2  +3.7 
+  15.2  -7.2 
-16.5  -8.9 
+  0.2  +4.7 

69.9 
68.2 
65.7 
68.3 
696 

Although  I  have  taken  no  observation  of  t  Persei  since  the  22d  day  of 
January  1740,  yet,  as  this  star  is  very  near  the  zenith,  and  a  sufficient  num- 
!>er  were  made  about  the  times  when  the  equation  resulting  from  the  hypo- 
thesis was  at  its  maximum,  I  judged  it  proper  to  insert  some  of  them  in 
the  next  table;  the  last  column  of  which  shews  how  much  the  star's  mean 
distance  was  south  of  38°  SO7  on  the  27th  day  of  March  1727.  Among 
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near  60  observations  I  meet  with  two  only  that  differ  from  the  mean  of 
these  so  much  as  2",  and  those  differ  almost  as  much  from  the  mean  of 
others  that  were  taken  near  the  same  time ;  so  that  the  hypothesis  seems  to 
correspond  in  general  with  the  observations  of  this  star  as  well  as  with 
either  of  the  foregoing. 


SlMltb  M 

38»  20'. 

PrrcfMMO. 

Aberration. 

Numioo. 

M»u  DUl. 

MUlb. 

1727.  September 

16 

60.1 

0 

+  7.4 

II 

-  3.2 

+  6.7 

71.0 

December 

29 

39-7 

11.9 

+  12.9 

7.2 

71.7 

1728.  December 

21 

22.5 

27.2 

12.8 

8.7 

71.2 

1729-  December 

2 

S.  92 

42.0 

11.5 

9.0 

71.7 

1731.  January 

3 

N.  8.2 

590 

12.8 

8.3 

71.9 

1782.  January 

K 

22.0 

74.8 

12.7 

6.7 

72.2 

1733.  January 

21 

34.C 

91.0 

117 

+  4.3 

72.4 

1738.  December 

23 

117.0 

183.4 

12.H 

-9.0 

70.2 

1740.  January 

22 

132.5 

200.2 

11.7 

8.6 

70.8 

After  the  last  recited  observations,  it  may  perhaps  seem  needless  to  add 
those  of  a  Persei,  which  is  farther  from  the  zenith;  but,  however,  as  this 
star  lies  very  nearly  at  an  equal  distance  from  the  equinoctial  and  solstitial 
colures,  and  the  series  of  observations  of  it  is  somewhat  more  complete  than 
that  of  r  Persei,  I  shall  insert  one  at  least  for  each  year  wherein  it  has  been 
observed,  whereby  it  may  appear,  that  the  hypothesis  solves  the  phenomena 
of  stars  in  this  situation  as  exactly  as  in  others :  for  if  a  mean  be  taken  of 
the  numliers  in  the  last  column  of  the  following  table,  which  expresses  the 
mean  distance  of  the  star  south  of  41°  5'  on  March  27th,  1727,  it  will  agree 
within  two  seconds  with  every  one  of  80  observations  that  have  been  made 
of  this  star. 


■  Penei, 

South  of 

Aberration, 

NuUtion. 

Mno  Dist. 

t  * 

1727.  December  29  79.4 

1728.  April         7  87.5 
July          5  94.6 
December  13  65.7 

+  10.5 
14.3 
17.7 
23.8 

it 

+  11.4 
-  0.8 
-11.4 
+  10.6 

+  7.9 
8.2 
8.5 
8.8 

1092 
109.2 
109.4 
108.9 

1729.  December  3 

1731.  January  3 

1732.  January  8 
,1734.  July   '  11 

53.4 
38.6 
26.8 
S.  21.3 

37.2 
52.3 
66.2 
101.0 

9.7 
11.4 
+  11.4 
-11.4 

8.9 
7.8 
+  5.9 
-1.1 

1092 
110.1 
110.3 
109.8 

1738.  December  24 
i  1740.  January  21 
1747.  February  27 

N.  56.3 
71.8 
182.5 

162.6 
177.4 
2754 

+  11.2 
10.9 
6.6 

9.0 
-8.2 
+  85 

108.5 
108.3 
108.0 
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Having  already  given  examples  of  stars  lying  near  both  the  solstices  and 
the  vernal  equinox,  I  shall  now  add  the  observations  of  one  that  is  not  far 
from  the  autumnal  equinox,  viz.  ij  Ursae  Majoris,  the  brightest  star  in  that 
part  of  the  heavens,  which  approaches  the  zenith  of  Wansted  within  a  de- 
gree; and  which,  by  reason  of  its  lustre  and  position,  gave  me  the  oppor- 
tunity of  making  my  series  of  observations  of  it  more  complete  than  of  many 
others.  This  star  was  compared  with  the  point  marked  39°  15',  and  was 
south  of  it,  as  in  the  following  table;  wherein  your  lordship  will  see  that  the 
observations  of  the  years  1740  and  1741  give  the  polar  distances  3"  greater 
than  the  mean  of  the  other  years.  Had  there  been  only  a  single  observation 
taken  in  either  of  those  years,  part  of  this  apparent  difference  might  have 
been  supposed  to  arise  from  their  uncertainty;  but  as  there  were  eight  ob- 
servations taken  within  a  week,  either  before  or  after  the  3rd  day  of  June 
1740,  which  agree  well  with  each  other;  and  three  were  made  within  twenty 
days  in  September  1741,  which  likewise  corresponded  with  each  other,  I  am 
inclined  to  think  that  the  forementioned  differences  must  be  owing  to  some- 
thing else  besides  the  error  of  the  observations.  This  phenomenon  therefore 
may  deserve  the  consideration  of  those  gentlemen,  who  have  employed  their 
time  in  making  computations  relating  to  the  quantity  of  the  effects  which 
the  power  of  gravity  may  on  various  occasions  produce.  For  I  suspect  that 
the  position  of  the  moon's  apogee,  as  well  as  of  her  nodes,  has  some  relation 
to  the  apparent  motions  of  the  stars  that  I  am  now  speaking  of. 

My  series  of  observations  of  several  stars  abound,  of  late  years,  with  so 
many  and  long  interruptions,  that  I  cannot  pretend  to  determine  this  point; 
but  probably  the  differences  before  taken  notice  of  in  the  observations  of 
a  Cassiopea-,  and  some  others  that  I  have  found  likewise  among  the  observa- 
tions of  other  stars,  that  are  not  here  recited,  may  be  owing  to  such  a  cause; 
which,  although  it  should  not  have  any  large  share  of  influence,  may  yet,  in 
certain  circumstances,  discover  a  defect  in  a  hypothesis  that  pays  no  regard 
at  all  to  it.  But  whether  these  differences  do  arise  from  the  cause  already 
hinted  at,  or  whether  they  proceed  from  any  defect  of  the  hypothesis  itself 
in  any  other  respect,  it  will  not  be  very  material  in  point  of  practice ;  since 
that  hypothesis,  as  it  was  before  laid  down,  appears  to  Ik-  sufficient  to  solve 
all  the  phenomena  to  as  great  a  degree  of  exactness  as  we  can  in  general 
hope  or  expect  to  make  observations.  For  if  I  take  the  mean  of  all  the  num- 
bers of  the  last  column  of  the  following  table  for  ij  Ursa?  Majoris,  and  com- 
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pare  it  with  any  one  of  164  observations  that  were  taken  of  it,  the  difference 
will  not  exceed  three  seconds. 


•  Vnm  M»joru. 

South  n( 
3'J"  15'. 

Precession. 

Abtmtiou. 

Nutation. 

M*»n  DliL 

MMlth , 

1727.  October  17 

1 728.  January  24 
July  17 

/' 

153.3 
176.4 
150.8 
170.6 

-  10.2 
15.2 
23.9 

IIU  i> 
J~  .  - 

// 

+  1.0 
-17.6 
+  17.8 

0 

-5.2 
5.8 
6.9 

7  'I 

u 

138.9 
137.S 
137.8 
Wl  7 

1729.  January~16 
July  21 

1730.  July  19 
December  28 

mir, 

170.4 
189.6 
232.4 

33.1 
42.4 
60.6 
68.7 

-17.8 
+  17.8 
+  17.8 
-16.7 

7.8 
8.4 
9.0 

 &9 

~13T9~ 
137.4 
137.8 
138.1 

I        September  in 
1732.  January  10 
April  13 
1734.  July  11 

nig  1 

250.7 
238.7 
2.",.! 

87.7 
92.3 
133.3 

+  9.* 
-17.7 
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-,-17.6 
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137.3 
137.9 
137.7 

1735.  September  10 
17:36.  September  8 

1737.  July  3 

1738.  June  29 

1739.  April  25 

280.8 
294.7 
303.0 
3190 
348.0 

154.6 
172.8 
187.8 
205.8 
220.8 

+  11.4 
11.6 
17.2 
16.8 
2.5 

+  1.2 
4.1 
6.1 
7.9 
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138.8 
1376 
138.5 
137.9 
138.5 

1740.  June  3 

1741.  September  23 

1745.  September  5 

1746.  September  20 

1747.  September  2 

360.3 
390.9 
466.7 
492.0 
507.2 

241.1 
265.0 
337.1 
356.2 
873.5 

12.8 
7.9 

12.4 
8.8 

13.2 

89 
+  7.4 
-3.3 
5.9 
7.8 

140.9 
141.2 
138.7 
138.7 
189.1 

You  may  perceive,  my  lord,  by  inspecting  the  tables  which  contain  the  ob- 
servations of  a  Cassiopea.'  and  i>  Ureae  Majoris,  that  the  greatest  differences 

that  occur  therein  may  be  diminished, 
by  supposing  the  true  pole  of  the  equa- 
tor to  move  round  the  poiut  P  in  an 
ellipsis,  instead  of  a  circle.  For  if  the 
transverse  axis,  lying  in  the  direction 
AC,  be  18",  and  the  conjugate,  as  D  B, 
be  about  16",  the  equations  resulting 
from  such  an  hypothesis  will  make  the 
nutnlwrs  in  the  last  columns  agree  with 
each  other  nearer  than  as  they  now 
stand.  But  since  this  would  not  entirely  remove  the  inequalities  in  all  the 
positions  of  the  moon's  nodes,  I  shall  refer  the  more  accurate  determination 
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of  the  locus  of  the  true  pole  to  theory;  and  at  present  only  give  the  equa- 
tions for  the  precession  of  the  equinoctial  points,  and  the  obliquity  of  the 
ecliptic,  as  also  the  real  quantity  of  the  annual  precession,  to  every  fifth  de- 
gree of  the  place  of  the  moon's  ascending  node,  in  the  following  tables,  just 
as  they  result  from  the  hypothesis  as  at  first  laid  down ;  it  appearing,  from 
what  has  already  been  remarked,  that  these  will  be  sufficiently  exact  for 
practice  in  all  cases. 


The 

Kquat*ou  u 

f  tlic  Eo, 

uiaoctial  Point*. 

>'»  a 

8ig.  Q. 

I. 

II. 

Subt. 

from  y 

VII. 

VIII. 

Add. 

0 

ao 

it 

11.3 

19.6 

30 

5 

2.0 

13.0 

20.5 

25~ 

10 

3.9 

14.5 

21.2 

20 

15 

5.8 

16.0 

21.8 

15 

20 

7.7 

17.3 

22.2 

10 

25 

9.6 

18.5 

22.5 

5 

30 

11.3 

19.6 

22.6 

0 

Subt. 

Sig.  V. 

IV. 

111. 

is  a 

Add. 

Sig.  XI. 

X. 

IX. 

from  v 

Tbr  Equation  of  the  Ouliqnily  of  the  Ecliptic. 


>»  8 

Sig.O. 

I. 

II. 

Add. 

from  <r 

Sig.  VI. 

VII.  ,VIII. 

u 

a 

II 

0 

9.0 

7.8 

4.5 

30 

5 

90 

7.* 

3.8 

25 

10 

8.9 

6.9 

3.1 

20 

15 

8.7 

6.4 

2.3 

15 

20 

8.5 

5.8 

1.6 

10 

25 

8.2 

5.2 

0.8 

5 

30 

7.8 

4.5 

0.0 

0 

Subt. 

Sig.  V. 

IV. 

III. 

I'm 

Add. 

Sig.  XI. 

X. 

IX. 

from  v 

The  Annual  Prrcrnina  of  Uie  Equinoctial  Point*. 


»  »  a 

from  v 

Sig.O. 

I. 

II. 

III. 

IV. 

v-  1 

■ 

0 

00 

58.0 

a 

57.0 

H 

54.  y 

« 

50.3 

a 

46.5 

43.7 

• 

30 

5 
10 
15 

57.9 
57.9 
57.7 

56.6 
56.2 
55.7 

53.6 
53.0 
52.3 

49.7 
490 
48.4 

46.0 
45.5 
45.0 

43.4 
43.2 
+:)  0 

25 
20 
15 

20 

25 
30- 

57.5 
57.3 
570 

55.2 
54.7 
54.2 

51.7 
51.0 
50.3 

47.7 
47.1 
46.5 

44.5_ 

44.1 

437 

42.8 
428 
42.7 

10 

5 
0 

Sig.  XI. 

X. 

IX. 

VIII. 

VII. 

u. 

from  <r 

Sir  Isaac  Newton,  in  determining  the  quantity  of  the  annual  precession 
from  the  theory  of  gravity,  upon  supposition  that  the  equatorial  is  to  the 
polar  diameter  of  the  earth  as  280  is  to  229,  finds  the  sun's  action  sufficient  to 
produce  a  precession  of  9"i  only;  and  collecting  from  the  tides  the  propor- 
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tion  between  the  sun's  force  and  the  moon's  to  be  as  1  to  4^,  he  settles  the 
mean  precession  resulting  from  their  joint  actions  at  50".  But  since  the  dif- 
ference between  the  polar  and  equatorial  diameter  is  found,  by  the  late  ob- 
servations of  the  gentlemen  of  the  Academy  of  Sciences,  to  be  greater  than 
what  sir  Isaac  had  computed  it  to  be;  the  precession  arising  from  the  sun's 
action  must  likewise  be  greater  than  what  he  has  stated  it  at,  nearly  in  the 
same  proportion.  From  whence  it  will  follow,  that  the  moon's  force  must 
bear  a  less  proportion  to  the  sun's  than  4j  to  1;  and  perhaps  the  phamo- 
mena  which  I  have  now  been  giving  an  account  of  will  supply  the  best  data 
for  settling  this  matter. 

As  I  apprehend  that  the  observations  already  set  down  will  be  judged 
sufficient  to  prove  in  general  the  truth  of  the  hypothesis  before  advanced,  I 
shall  not  trouble  your  lordship  with  the  recital  of  more  that  I  made  of  stars 
lying  at  greater  distances  from  the  zenith ;  those  not  being  so  proper,  for  the 
reason  before  mentioned,  to  establish  the  point  that  I  had  chiefly  in  view.  But 
as  it  may  perhaps  be  of  some  use  to  future  astronomers  to  know  what  were 
the  mean  differences  of  declination,  at  a  given  time,  between  some  stars  that 
lie  nearly  opposite  to  one  another  in  right  ascension,  and  not  far  from  either 
of  the  colures,  I  shall  set  down  the  result  of  the  comparison  of  a  few  that 
differ  so  little  in  declination,  that  I  could  determine  the  quantity  of  that 
difference  with  great  certainty. 

By  the  mean  of  64  observations  that  were  made  of  a  Cassiopea;  before 
the  end  of  the  year  1728,  I  collect,  after  allowing  for  the  precession,  aberra- 
tion, and  nutation,  as  in  the  foregoing  tables,  that  the  mean  distance  of  this 
star  was  68"  7  south  of  34°  55'  on  the  27th  day  of  March  1727.  By  a  like 
comparison  of  40  observations  taken  of  y  Ursa?  Majoris  during  the  same 
interval  of  time,  I  find  this  star  was,  at  the  same  time,  39"6  south  of  34°  45'. 
I  carefully  measured,  with  the  screw  of  the  micrometer,  the  distance  between 
the  points  with  which  these  stars  were  compared,  and  found  them  to  be  9' 
59"  from  each  other,  or  one  second  less  than  they  ought  to  have  been.  Hence 
it  follows,  that  the  mean  difference  of  declination  between  these  two  stars 
was  10'  28"  1  on  the  27th  day  of  March  1727. 

By  the  mean  of  65  observations  that  were  taken  of  0  Cassiopea;  before 
the  end  of  the  year  1728,  this  star  was  25"  8  north  of  32°  20'  on  the  27th 
day  of  March  1727;  and  by  the  mean  of  52  observations,  *  Ursa*  Majoris 
was  87"  6  south  of  82°  30'  at  the  same  time.  The  distance  between  these 
points  was  found  to  be  9' 59"  3;  from  whence  it  follows,  that  the  mean  dif- 
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ference  of  declination  between  these  two  stare  was  11' 52"  7  on  March  27th 
1727. 

By  the  mean  of  100  observations  taken  before  the  end  of  the  year  1728, 
the  mean  distance  of  y  Draconis  was  79"  8  south  of  38°  25'  on  March  27th, 
1727;  and  by  the  mean  of  85  observations,  the  35th  Camelopard.  Herd, 
was  south  of  the  same  spot  76"  4.  So  that  the  mean  polar  distance  of  y  Dra- 
conis was  only  3"  4  greater  than  that  of  the  35th  Camelopard.  Hevel.;  but  as 
the  equation  for  the  nutation  in  both  these  stars  was  then  near  the  maxi- 
mum, and  to  be  applied  with  contrary  signs,  the  apparent  polar  distance  of 
y  Draconis  was  21"  4  greater  on  the  27th  day  of  March  1727. 

The  differences  of  the  polar  distauces  of  the  stars,  as  here  set  down,  may 
be  presumed,  both  on  account  of  the  radius  of  the  instrument  and  the  num- 
ber  of  observations,  to  be  very  exactly  determined,  to  the  time  when  the 
moon's  ascending  node  was  at  the  beginning  of  Aries ;  and  if  a  like  com- 
parison be  hereafter  made,  of  observations  taken  of  the  same  stars,  near  the 
same  position  of  the  itreon's  nodes,  future  astronomers  may  be  enabled  to 
settle  the  quantity  of  the  mean  precession  of  the  equinox,  so  far  as  it  affects 
the  declination  of  these  stars,  with  great  certainty;  and  they  may  likewise 
discover,  by  means  of  the  stars  near  the  solstitial  colure,  from  what  cause  the 
apparent  change  in  the  obliquity  of  the  ecliptic  really  proceeds,  if  the  mean 
obliquity  be  found  to  diminish  gradually. 

The  forementioned  points  indeed  can  be  settled  only  on  the  supposition 
that  the  angular  distances  of  these  stare  do  continue  always  the  same,  or 
that  they  have  no  real  motion  in  themselves,  but  are  at  rest  in  absolute 
space.  A  supposition  which,  though  usually  made  by  astronomers,  never- 
theless seems  to  be  founded  on  too  uncertain  principles  to  be  admitted  in  all 
cases.  For  if  a  judgment  may  be  formed,  with  regard  to  this  matter,  from 
the  result  of  the  comparison  of  our  best  modern  observations  with  such  as 
were  formerly  made,  with  any  tolerable  degree  of  exactness;  there  appears  to 
have  been  a  real  change  in  the  position  of  some  of  the  fixed  stars  with  re- 
spect to  each  other;  and  such  as  seems  independent  of  any  motion  in  our 
own  system,  and  can  only  be  referred  to  some  motion  in  the  stars  them- 
selves. Arcturus  affords  a  strong  proof  of  this ;  for  if  its  present  declination 
be  compared  with  its  place,  as  determined  cither  by  Tycho  or  Flamsteed,  the 
difference  will  be  found  to  be  much  greater  than  what  can  be  suspected  to 
arise  from  the  uncertainty  of  their  observations. 

It  is  reasonable  to  expect  that  other  instances  of  the  like  kind  must  also 
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occur  among  the  great  number  of  the  visible  stars,  because  their  relative  po- 
sitions may  be  altered  by  various  means.  For  if  our  own  solar  system  be 
conceived  to  change  its  place  with  respect  to  absolute  space,  this  might,  in 
process  of  time,  occasion  an  apparent  change  in  the  augular  distances  of  the 
fixed  stars,  and,  in  such  a  case,  the  places  of  the  nearest  stars  being  more 
affected  than  of  those  that  are  very  remote,  their  relative  positions  might  seem 
to  alter,  though  the  stars  themselves  were  really  immoveable.  And  on  the 
other  hand,  if  our  own  system  be  at  rest,  and  any  of  the  stars  really  in  mo- 
tion, this  might  likewise  vary  their  apparent  positions;  and  the  more  so,  the 
nearer  they  are  to  us,  or  the  swifter  their  motions  are,  or  the  more  proper 
the  direction  of  the  motion  is,  to  be  reudered  perceptible  by  us.  Since  then 
the  relative  places  of  the  stars  may  be  changed  from  such  a  variety  of  causes, 
considering  that  amazing  distance  at  which  it  is  certain  some  of  them  are 
placed,  it  may  require  the  observations  of  many  ages  to  determine  the  laws 
of  the  apparent  changes  even  of  a  single  star :  much  more  difRcult  therefore 
must  it  be  to  settle  the  laws  relating  to  all  the  most  remarkable  stars. 

When  the  causes  which  affect  the  places  of  all  the  stars  in  general  are 
known,  such  as  the  precession,  aberration,  and  nutation,  it  may  be  of  singu- 
lar use  to  examine  nicely  the  relative  situations  of  particular  stars;  and  espe- 
cially of  those  of  the  greatest  lustre,  which  it  may  be  presumed  lie  nearest  to 
us,  and  may  therefore  be  subject  to  more  sensible  changes,  either  from  their 
own  motion,  or  from  that  of  our  system.  And  if  at  the  same  time  that  the 
brighter  stars  are  compared  with  each  other,  we  likewise  determine  the  rela- 
tive positions  of  some  of  the  smallest  that  appear  near  them,  whose  places 
can  be  ascertained  with  sufficient  exactness,  we  may  perhaps  be  able  to 
judge  to  what  cause  the  change,  if  any  be  observable,  is  owing.  The  uncer- 
tainty that  we  are  at  present  under,  with  respect  to  the  degree  of  accuracy 
wherewith  former  astronomers  could  observe,  makes  us  unable  to  determine 
several  things  relating  to  the  subject  that  I  am  now  speaking  of ;  hut  the 
improvements  which  have  of  late  years  been  made,  in  the  methods  of  taking 
the  places  of  the  heavenly  bodies,  are  so  great,  that  a  few  years  may  here- 
after be  sufficient  to  settle  some  points,  which  cannot  now  be  settled  by 
comparing  even  the  earliest  observations  with  those  of  the  present  age. 

It  were  to  be  wished  therefore,  that  such  persons  as  are  provided  with 
proper  instruments  would  attempt  to  determine,  with  great  care,  the  present 
relative  positions  of  several  of  the  principal  stars  in  various  parts  of  the 
heavens :  especially  of  those  that  are  least  affected  by  refraction :  that  cause 
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having  many  times  so  uncertain  an  influence  on  the  places  of  objects  that 
are  very  remote  from  the  zenith,  that,  wherever  it  is  concerned,  the  con- 
clusions deduced  from  observations  that  arc  much  affected  by  it  will  always 
remain  doubtful,  and  too  precarious,  in  many  cases,  to  be  relied  upon. 

The  advantages  arising  from  different  persons  attempting  to  settle  the 
same  points  of  astronomy  near  the  same  time  are  so  much  the  greater,  as  a 
concurrence  in  the  result  would  remove  all  suspicion  of  incorrectness  in  the 
instruments  made  use  of.  For  which  reason  I  esteem  the  curious  apparatus 
at  Shirburn  Castle,  and  the  observations  there  taken,  as  a  most  valuable  cri- 
terion, whereby  I  may  judge  of  the  accuracy  of  those  that  are  made  at  the 
Royal  Observatory ;  and,  as  a  lover  of  science,  I  cannot  but  wish  that  our 
nation  abounded  with  more  frequent  examples  of  persons,  of  like  rank  and 
ability  with  your  lordship,  equally  desirous  of  promoting  this,  as  well  as 
every  other  branch  of  natural  knowledge,  that  tends  to  the  honour  and 
benefit  of  our  country. 

But  were  the  patrons  of  arts  and  sciences  ever  so  numerous,  the  subject 
of  my  present  letter  is  of  such  a  nature,  as  must  direct  me  to  beg  leave  to 
address  it  to  the  Earl  of  Macclesfield ;  not  only  as  a  most  competent  judge 
of  it,  but  as  the  sole  person  in  this  nation  that  hath  instruments  proper  to 
examine  into  the  truth  of  the  facts  here  related.  And  it  is  a  particular  satis- 
faction to  me,  that,  after  so  long  an  attendance  upon  these  phenomena,  I  am 
allowed  the  honour  of  transmitting  the  account  of  them  to  the  public  through 
your  lordship's  hands :  as  it  gives  me  at  the  same  time  an  opportunity  of 
professing  the  grateful  sense  I  shall  ever  retain,  both  of  the  signal  favours 
which  I  formerly  received  from  the  noble  earl  your  father,  and  of  the  many 
recent  obligations  conferred  by  yourself  upon, 

My  lord, 

Your  lordship's  most  obedient 

humble  servant, 

J.  BRADLEY. 

Greenwich,  Dec.  31, 
1747. 
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Observations  upon  the  Comet  that  appeared  in  the  months  of  October, 
November,  and  December,  1723. 

[Philosophical  Transactions,  N°.  382.  vol.  XXXIII.  p.  41.] 

The  small  comet  which  was  seen  in  these  parts  of  Europe  in  the  months 
of  October,  November,  and  December,  1723,  was  first  observed  in  England 
by  Dr.  Halley,  on  October  9»  between  seven  and  eight  of  the  clock  in  the 
evening ;  it  appearing  then  to  the  naked  eye  not  much  unlike  a  star  of  the 
third  magnitude.  Looking  at  it  through  a  telescope,  he  saw  some  small 
telescopical  stars  near  it,  whose  situation  he  noted,  together  with  the  comet's, 
in  order  to  see  which  way  it  tended.  About  nine,  he  again  viewed  the 
comet,  and  found  it  considerably  moved  from  its  former  station,  having  now 
passed  a  small  star  which  at  the  time  of  the  first  observation  was  on  the 
other  side  of  it.  Comparing  the  two  situations  of  the  comet  together,  he 
perceived  that  its  apparent  motion  at  that  time  was  about  eight  or  nine 
minutes  in  an  hour,  in  a  direction  towards  Sagitta;  and  that  the  comet 
passed  very  near,  if  it  did  not  wholly  eclipse,  the  forementioued  small  star, 
whose  place  he  afterwards  found  to  be  in  a  7°  22'  15"  with  5"  2'  north  latitude. 
From  the  situation  of  the  comet  at  the  time  of  the  first  observation,  he 
judged  that  it  was  in  conjunction  with  the  star  at  8h.  5'  equal  time. — Note 
that  the  equal,  and  not  the  apparent  tune,  is  likewise  made  use  of  in  all  the 
following  observation*. 

The  next  day  he  was  pleased  to  communicate  to  me  the  substance  of  what 
he  had  olwerved,  whereby  I  was  enabled,  the  night  following,  to  see  the 
comet  at  Wansted.  The  clouds  hindered  me  from  observing  it  in  the  man- 
ner that  I  had  designed ;  but  I  had  time  enough  to  measure  its  distance  (with 
a  micrometer  in  a  telescope  of  seven  foot)  from  a  star  iu  Aquarius,  marked  e 
by  Bayer.  At  6h.  21'  the  observed  distance  betweeu  this  star  and  the  comet 
was  1"  IS'  53",  and  a  great  circle  passing  through  the  star  and  comet  made 
an  angle  with  the  vertical  circle  of  60°\.  The  comet  was  more  southerly  and 
westerly  than  the  star.  By  this  observation,  the  comet  preceded  the  star  in 
right  ascension  1"  3'  50",  being  39'  5"  more  southerly;  so  that  the  comet's 
right  ascension  was  307°  &  40",  and  its  declination  11°  if  15"  south. 
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The  place  of  e  here  assumed  is  according  to  the  British  Catalogue,  as  are 
also  the  places  of  the  other  stars  hereafter  mentioned,  from  which  the  comet 
was  observed.  The  right  ascensions  and  declinations  which  are  here  set 
down  of  several  small  stars  that  are  not  in  that  Catalogue,  were  determined 
by  observing  the  differences  of  right  ascension  and  declination  between  those 
small  stars  and  others  that  were  in  the  Catalogue,  and  had  nearly  the  same 
declinations. 

The  same  evening,  at  7h.  8',  a  small  star  that  was  more  easterly  than  the 
comet,  and  had  about  the  same  declination  with  it,  was  distant  from  it 
35'  40".  About  the  same  time  another  small  star,  that  had  nearly  the  same 
right  ascension  with  the  comet,  but  was  more  southerly,  was  distant  from  it 
39'  58".    The  places  of  these  two  stars  I  have  not  yet  observed. 

The  next  night  proved  cloudy,  so  that  I  could  not  see  the  comet  again  till 
October  12,  when  (the  air  being  very  serene  and  clear)  we  had  an  oppor- 
tunity of  comparing  it  with  two  or  three  small  stars  that  were  near  it ;  my 
uncle,  the  reverend  Mr.  Pound,  assisting  in  this  and  most  of  the  following 
nights'  observations. 

At  7h.  22',  a  small  star,  whose  right  ascension  was  found  304°  40'  23", 
and  its  declination  7°  8'  22"  south,  preceded  the  comet  in  right  ascension 
26'  21",  being  10*  42"  more  northerly.  Hence  the  comet's  right  ascension 
was  305'  6"  44",  and  its  declination  7"  19'  4"  south. 

At  8h.  50',  the  comet  was  in  the  same  parallel  of  declination  with  another 
small  star,  whose  right  ascension  was  found  305*  9'  56",  and  its  declination 
7°  13/  20"  south,  and  preceded  the  said  star  6'  20"  in  right  ascension.  Hence 
the  right  ascension  of  the  comet  was  305°  3'  36",  and  its  declination  7°  IS* 
20"  south.  These  observations  were  made  with  a  telescope  of  fifteen  foot, 
furnished  with  a  micrometer,  as  were  also  all  those  of.  the  following  nights. 

The  next  night,  October  18,  6  h.  58',  the  comet  followed  a  small  star  4' 
10"  in  right  ascension,  being  more  northerly  than  the  star  11'  45".  The 
clouds  did  not  permit  us  to  observe  the  place  of  this  star;  but  its  right 
ascension  must  be  about  304s  22',  and  its  declination  6°  10'  south. 

October  14,  the  comet  was  near  two  stors  which  are  the  66th  and  67th 
of  Aquila  and  Antinous  in  the  British  Catalogue,  and  at  8b.  ST  it  followed 
the  8outhermost  of  them  20*  37"  in  right  ascension,  being  29'  8"  more 
southerly.  Hence  the  comet's  right  ascension  was  303°  49'  10",  and  its  de- 
clination 4°  43'  54"  south. 


October  15,  6h.  85',  the  comet  preceded  the  northermost  of  the  said  stars 
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23'  6"  iu  right  ascension,  being  more  southerly  than  the  star  4'  15".  Hence 
the  right  ascension  of  the  comet  was  303°  24'  40";  its  declination  3°  51'  3" 
south. 

October  21,  6h.  22\  a  small  star,  whose  right  ascension  was  found  301° 
7'  17",  and  its  declination  0'  11'  50"  south,  preceded  the  comet  41'  6"  in 
right  ascension,  being  5'  50"  more  southerly.  Hence  the  comet's  right 
ascension  was  301°  48'  23",  and  its  declination  0°  6'  0"  south. 

October  22,  6h.  24',  a  small  star,  whose  right  ascension  was  found  301" 
39'  47",  and  its  declination  0°  <>-'  43"  north,  followed  the  comet  £  a  minute 
in  right  ascension,  being  IS'  43"  more  northerly.  Hence  the  comets  right 
ascension  was  301°  39'  17",  and  its  declination  0"  19'  0"  north. 

October  24,  8h.  2',  a  small  star,  whose  right  ascension  was  found  301° 
24'  57",  and  its  declination  1"  9'  22"  north,  preceded  the  comet  0'  37"  in 
right  ascension,  being  5'  12"  more  northerly.  Hence  the  comet's  right  ascen- 
sion was  301°  25'  34",  and  its  declination  1°  4'  10"  north. 

October  29,  8h.  56',  a  small  star,  whose  right  ascension  was  found  301° 
6'  20",  and  its  declination  2°  51'  0"  north,  preceded  the  comet  one  minute  in 
right  ascension,  being  23'  40"  more  northerly.  Hence  the  comet's  right 
ascension  was  301°  f  20",  and  its  declination  2'  27'  20"  north. 

October  30,  6h.  20',  the  same  star  had  exactly  the  same  right  ascension 
with  the  comet,  being  11' S3"  more  northerly.  Hence  the  comet's  right 
ascension  was  301°  6'  20",  and  its  declination  2°  39'  27"  north. 

November  5,  5h.  53',  a  small  star,  whose  right  ascension  was  found  300° 
35'  00",  and  its  declination  3°  45'  SO"  north,  preceded  the  comet  SS*  0"  in 
right  ascension,  being  2'  8"  more  southerly.  Hence  the  comet's  right  ascen- 
sion was  301°  8'  0",  and  its  declination  3°  47'  38"  north. 

November  8,  7h.  6',  a  bright  star,  (placed  by  Hevelius  in  Rostro  Aquilae, 
but  not  inserted  in  the  British  Catalogue,)  whose  right  ascension  at  this  time 
was  found  302°  21'  30",  and  its  declination  4°  2tf  40"  north,  followed  the 
comet  1"  f  40"  in  right  ascension,  being  13'  3"  more  northerly.  Hence  the 
comet's  right  ascension  was  301°  IS7  50",  and  its  decliuation  4a  15'  37" 
north. 

November  14,  6h.  20',  a  star,  whose  right  ascension  was  found  301°  27' 
10",  and  its  declination  4°  59'  40"  north,  preceded  the  comet  5'  35"  in  right 
ascension,  being  5'  50"  more  southerly.  Hence  the  comet's  right  ascension 
was  301°  32'  45",  and  its  declination  5°  5'  30"  north. 

This  was  the  last  time  that  I  observed  the  place  of  the  comet  until  after 
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the  full  moon,  my  affairs  calling  me  to  Oxford,  where  I  had  no  convenience 
for  making  such  observations. 

Dr.  Halley  and  Mr.  Graham  continued  to  observe  the  comet  till  Novem- 
ber 20;  and  according  to  lx>th  their  observations  that  evening  at  7h.  45',  the 
comet  followed  /5  in  Collo  Aquila?,  6"  S&  55"  in  right  ascension,  being  about 
4'  more  northerly  than  the  star.  Hence  the  comet's  right  ascension  was 
301°  59'  50  ",  and  its  declination  5*  48'  55"  north. 

The  light  of  the  moon  daily  increasing  prevented  them  from  making  any 
more  observations,  the  comet  being  by  this  time  grown  so  faint,  as  to  become 
in  a  manner  imperceptible  while  the  moon  shone  bright.  And  the  faint 
appearance  which  it  made  before  the  moon  obstructed  the  sight  of  it,  gave 
little  hopes  of  its  being  to  be  seen  again  after  the  full  moon.  Notwithstand- 
ing which,  on  December  3,  (being  then  near  Cirencester  in  Gloucestershire,) 
I  was  tempted  by  the  serenity  of  the  evening,  and  the  use  of  a  very  good 
telescope  of  ten  foot,  to  look  for  it  again  before  the  moon  rose ;  and  I  found 
it  among  some  small  telescopical  stars;  but  it  appeared  so  faint  and  dull,  as 
made  it  doubtful,  whether  what  I  took  for  the  comet  might  not  be  a  small 
star  with  a  little  haziness  about  it.  But  this  doubt  was  cleared  two  nights 
after,  when  I  perceived  that  the  comet  was  moved  from  its  former  situation 
towards  a  bright  telescopical  star,  from  which  I  afterwards  took  its  differ- 
ence of  right  ascension  and  declination,  upon  my  return  to  Wanstcd,  on  De- 
cember 7.  This  star's  right  ascension  was  then  found  303°  39'  20",  and  its 
declination  T  S27  30"  north.  And  December  7,  6h.  45',  the  comet  followed 
it  3'  15"  in  right  ascension,  being  14'  more  northerly  than  the  star.  Hence 
the  comet's  right  ascension  was  303°  42'  35",  and  its  declination  7°  46'  30" 
north. 

This  was  the  last  night  that  I  saw  the  comet,  though  I  believe  I  might 
have  continued  to  have  observed  it,  had  not  an  uninterrupted  succession  of 
cloudy  evenings  prevented  so  long,  that  it  became  uncertain  where  to  look 
for  it. 

The  forementioncd  observations  are  the  principal  of  all  that  were  made  at 
Wansted ;  and  most  of  them  being  taken  from  stars  which  are  not  in  the 
British  Catalogue,  whose  places  therefore  are  here  determined  only  by  com- 
paring them  with  some  that  were,  it  cannot  be  supposed  that  the  comet's 
places  deduced  from  them  are  altogether  exact .  For  which  reason  I  have  all 
along  set  down,  not  only  the  place  of  the  comet  and  star  where  it  was  known, 
but  also  the  particulars  of  the  observation,  that  if  any  hereafter  should  be 


Digitized  by  Google 


46 


COMET,  1723. 


willing  to  examine  the  tract  of  this  comet  more  nicely,  they  may  know 
where  to  find  the  stars  from  which  it  was  observed.  The  places  of  the  stars 
here  set  down  are  abundantly  sufficient  for  that  purpose,  as  will  appear  from 
the  following  table,  which  contains  the  longitudes  and  latitudes  of  the  comet 
deduced  from  the  foregoing  observations,  together  with  the  places  of  the 
comet  calculated  from  the  theory  of  gravity,  for  the  times  of  observation  on 
the  several  days  therein  mentioned,  as  also  the  differences  between  the  ob- 
served and  computed  places.  Those  differences  not  exceeding  one  minute, 
shew  that  the  observations  are  not  only  consonant  to  each  other,  but  that 
the  places  of  the  stars  are  likewise  near  the  truth,  since  tiie  comet's  places 
deduced  from  them  are  found  all  along  to  agree  sufficiently  near  with  the 
theory  of  gravity;  the  truth  of  which  having  long  since  been  established 
by  its  great  author,  sir  Isaac  Newton,  and  my  worthy  colleague  Dr.  Halley, 
needs  not  the  confirmation  of  so  short  a  series  of  observations  as  was  made 
of  this  comet.  But  short  as  it  is,  I  presume  'twill  lie  no  easy  matter  to 
account  for  the  observations  with  the  same  degree  of  exactness  any  other 
way  than  by  that  theory,  according  to  which  the  following  computations 
are  made. 


I72:t. 

Temp,  /BtpU. 

Comet  Long. 
Ob»crv»t. 

Ut.  Bnc. 
Ohwrrr. 

Comet  Long. 
C'ompnt. 

UA,  Bar. 
CufapuU 

IKffirr. 
Long. 

Piffrr. 
Latit. 

D.  H.  / 

•    /  o 

o        I  I, 

c     /  tt 

il 

Octub.  9  8  5 

=  7  22  15 

5    2  0 

as  7  SI  96 

5    2  47 

•f 

49 

-  47 

10  6  21 

6  41  12 

7  44  13 

6  41  42 

7  43  18 

30 

+  60 

12  7  22 

5  39  58 

11  55  0 

5  40  19 

11  54  55 

21 

+  5 

14  8  57 

4  59  49 

14  43  50 

5    0  37 

14  44  1 

48 

-  11 

15  6  35 

4  47  41 

15  40  51 

4  47  45 

15  40  55 

4 

-  4 

21  6  22 

4    2  32 

19  41  49 

4    2  21 

19  42  3 

+ 

11 

-  14 

22  6  24 

3  59  2 

20    8  1  2 

3  59  10 

20    8  17 

8 

-  5 

24  8  2 

3  55  29 

20  55  18 

3  55  11 

20  55  9 

+ 

18 

+  9 

29  8  56 

3  56  17 

22  20  27 

3  56  42 

22  20  10 

25 

+  17 

30  6  20 

3  58  9 

22  32  28 

3  58  17 

22  32  12 

8 

+  16 

Nov.    5  5  53 

4  16  30 

23  38  33 

4  16  23 

23  38  7 

+ 

i 

+  26 

8  7  6 

4  29  36 

24    4  30 

4  29  54 

24    4  40 

18 

-  10 

14  6  20 

5    2  16 

24  48  46 

5    2  51 

24  48  16 

85 

+  30 

20  7  45 

5  42  20 

25  24  45 

5  43  13 

25  25  17 

53 

-  32 

Dec.    7  6  45 

S  8    4  13 

r,\  is 

=  8   3  55 

26  53  42 

+ 

18 

+  36 

In  order  to  determine  the  orbit  of  this  comet,  I  supposed  it  to  describe  a 
parabola  agreeable  to  what  is  delivered  in  the  third  book  of  sir  Isaac  New- 
ton's Princip.  Math,  and  then  I  found  the  inclination  of  the  planes  of  the 
orbit  and  ecliptic  49"  59';  the  place  of  the  ascending  node  *  14°  16';  the 
place  of  the  perihelion  «  12*  52'  20";  the  distance  of  the  perihelion  from 
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the  node  28°  36'  20";  the  logarithm  of  the  perihelion  distance  9,999414; 
the  logarithm  of  the  diurnal  motion  9,961007;  the  time  of  the  comet's  being 
in  its  perihelion  September  16,  l6h.  10'  equal  time.  In  its  orbit  thus 
situated,  the  motion  of  the  cornet  was  retrograde,  or  contrary  to  the  order  of 
the  signs. 

From  these  elements,  by  the  help  of  Dr.  Halley's  general  table  for  comets, 
(to  which  they  are  adapted,)  I  computed  the  places  in  the  foregoing  table; 
which  agreeing  with  the  observed  places  as  near  as  the  observations  them- 
selves agree  with  one  another,  shew  that  it  would  be  a  vain  attempt  to  pre- 
tend  to  determine  the  true  ellipse  in  which  this  comet  moves,  or  its  periodi- 
cal revolution,  from  so  small  a  part  of  its  orbit  as  that  was,  which  it  de- 
scribed between  the  first  and  last  of  the  foregoing  observations ;  this  there- 
fore must  be  left  to  posterity,  especially  since  it  is  certain  that  this  comet  is 
not  one  of  those,  of  which  observations  have  hitherto  been  transmitted  to  us 
sufficient  to  determine  the  situation  of  their  orbits. 

The  nucleus  of  this  comet  was  very  little,  for  it  appeared  but  of  a  small 
diameter  when  I  first  saw  it,  although  it  was  then  above  three  times  nearer 
to  the  earth  than  the  sun  is  at  its  mean  distance.  Its  tail  was  then  hardly 
discernible  with  the  naked  eye,  but  through  a  telescope  one  might  perceive  a 
faint  light  extending  itself  above  a  degree  from  the  body. 

I  have  not  yet  heard  that  this  comet  was  seen  before  October  6,  although 
it  was  in  a  proper  situation  to  have  been  observed  in  the  morning,  most  part 
of  September,  especially  from  the  time  it  was  in  its  perihelion,  till  near  the 
end  of  that  month.  For  atwut  that  time  it  crossed  the  milky  way  lwtween 
the  mast  of  the  ship  and  the  head  of  the  Great  Dog,  passing  between  the 
bright  stars  in  the  body  and  tail  of  the  Great  Dog  towards  the  head  of  the 
Dove,  where  it  was  about  September  29.  being  by  that  time  got  so  far  to- 
wards the  south  pole,  as  not  to  rise  above  our  horizon.  From  thence  it 
passed  under  the  tail  of  Xiphias,  within  about  15°  of  the  south  pole  of  the 
ecliptic ;  and  moving  on  between  the  head  of  Hydras  and  the  bright  star  in 
Eridanus,  called  Acharnar,  it  went  by  the  stars  in  the  body  and  neck  of  the 
Crane  about  October  5,  when  it  came  again  above  our  horizon.  From  hence 
passing  under  the  tail  of  the  southern  Fish,  and  between  the  stars  in  the 
shoulder  of  Capricorn,  it  crossed  the  ecliptic  October  8,  in  about  8°^  of 
Aquarius.  From  thence  it  moved  on  by  the  hands  of  Aquarius  and  Antinous 
towards  the  head  of  the  Eagle,  according  to  its  course  before  described. 

The  comet  was  in  opposition  to  the  sun  October  1,  when  it  had  near  74a 
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Houthern  latitude,  and  altered  its  longitude  two  signs  in  a  day.  About  Octo- 
ber 3,  it  was  in  its  periga-on,  or  nearest  distance  to  the  earth,  being  then 
almost  ten  times  nearer  to  it  than  the  sun  is  at  its  mean  distance;  and  its 
apparent  motion  was  then  about  20°  in  a  day,  and  when  I  last  saw  it,  'twas 
above  twice  as  far  off  as  the  sun. 
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Observations  upon  the  Comet  that  appeared  in  the  months  of  January, 
February,  and  March,  1737,  made  at  Oaford. 

[Philosophical  Transaction*,  S\  +46.  vol.  XL.  p.  111.] 

I  MADE  several  observations  on  the  late  comet,  during  the  last  five  weeks 
of  its  appearance,  which  enabled  me  to  find  out  the  elements  of  a  parabolic 
trajectory,  upon  which  a  calculus  might  be  founded,  that  would  correspond 
with  each  of  my  observations  within  about  a  minute  of  a  degree ;  but  the 
first  of  them  being  taken  many  days  after  the  time  of  the  perihelion,  and 
the  whole  series  comprehending  but  a  very  small  portion  of  the  trajectory, 
I  was  sensible  that  a  little  error,  either  in  the  observations  themselves,  or  in 
the  places  of  the  fixed  stars  with  which  the  comet  was  compared,  might 
occasion  a  considerable  difference  in  the  situation  and  magnitude,  &c.  of  the 
orbit  deduced  from  them  alone;  and  therefore  1  was  desirous  of  having  some 
earlier  and  accurate  observations,  in  order  to  determine  those  elements  with 
more  certainty:  but  not  having  yet  been  able  to  procure  such,  I  shall  not 
longer  defer  laying  before  the  Society  the  particulars  of  my  own,  together 
with  the  comparison  between  the  observed  places  of  the  comet,  and  those 
computed  from  such  elements  as  I  have  already  collected  from  my  own 
observations. 

I  first  saw  the  comet  on  the  15th  of  February  1737.  between  six  and 
seven  in  the  evening,  when  its  nucleus  appeared  small  and  indistinct, 
and  its  tail  (extending  above  a  degree  from  the  body)  pointed  towards  the 
star  in  Lino  Axistral.  Piscium,  marked  f  by  Bayer.  Applying  my  micrometer 
to  a  good  seven  foot  tube,  I  observed,  that  at  7h.  32'  temp,  aequat.  the 
comet  preceded  the  said  star  1"  1'  40"  in  right  ascension,  and  was  20'  20" 
more  southerly  than  the  star — Note  that  the  equal  time  is  likewise  made  use 
of  in  all  the  following  observations. 

Assuming  the  place  of  this  star  as  it  is  settled  in  the  British  Catalogue, 
(as  I  shall  likewise  the  places  of  others  hereafter  mentioned,)  it  follows,  that 
the  comet's  right  ascension  was  23°  58'  0",  and  its  declination  1°  31'  55" 
north. 
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February  17,  7h.  38'  the  comet  followed  a  in  Nodo  Lin.  Piscium  31'  25" 
in  right  ascension,  and  was  52'  30"  more  northerly.  Hence  the  comet's  right 
ascension  was  27°  38'  20",  and  its  declination  2'  21'  10"  north. 

February  18,  7h.  14'  a  small  star  (whose  right  ascension  was  afterwards 
found  to  be  29s  0'  5",  and  declination  2'  58'  30"  north)  preceded  the  comet 
24'  0"  in  right  ascension,  and  was  15'  30"  more  northerly.  Hence  the  comet's 
right  ascension  was  29°  24'  5",  and  its  declination  2°  34'  0"  north. 

February  21,  7h.  25'  the  comet  preceded  »  Ceti  1°  6'  0"  in  right  ascension, 
aud  was  38'  20"  more  southerly.  Hence  its  right  ascension  was  34°  25'  10", 
and  its  declination  3°  47'  20"  north. 

February  22,  7h.  45'  the  comet  followed  »  Ceti  30*  5"  in  right  ascension, 
and  was  18'  45"  more  southerly.  Hence  the  comet's  right  ascension  was  36* 
1'  15"  and  its  declination  4«  6'  55"  north. 

February  25,  7h.  45',  a  small  star  (whose  right  asceusion  was  afterwards 
found  to  be  40"  34'  0",  and  declination  5°  5'  30"  north)  followed  the  comet 
2'  30"  in  right  asceusion,  and  was  2'  30"  more  northerly  than  the  comet. 
Hence  the  comet's  right  ascension  was  40'  81'  30",  and  its  declination  5e  3' 
0"  north. 

The  difference  of  right  ascension  aud  declination  between  this  star  and 
the  comet,  was  taken  with  a  fifteen  foot  telescope ;  but  the  place  of  the  star 
was  determined  by  one  observation  made  with  the  seven  foot  tul>e. 

February  27,  8h.  45',  the  comet  preceded  a  small  star  1°  16'  0"  in  right 
ascension,  and  was  2'  15"  more  southerly.  The  right  ascension  of  this  star 
was  afterwards  (by  a  single  oltservation)  found  to  be  44*  37'  40",  and  its 
declination  5°  88'  30"  north.  Hence  the  comet's  right  ascension  was  43°  21' 
40",  and  its  declination  5"  36'  15"  north. 

March  4,  8h.  0',  a  small  star  (whose  right  ascension  was  found  to  be  49° 
30'  30",  and  its  declination  63  38'  30"  north)  preceded  the  comet  7'  30"  in 
right  ascension,  and  was  10'  0"  more  southerly.  Hence  the  right  ascension 
of  the  comet  was  49°  38'  0",  and  its  declination  69  48'  80". 

March  12,  8  h.  25',  the  comet  preceded  ^  Tauri  2"  5'  50"  in  right  ascen- 
sion, and  was  4'  25"  more  northerly  than  the  star.  Hence  the  comet's  right 
ascension  was  58°  12'  40",  and  its  declination  8'  16'  50"  north. 

March  14,  9h.  0',  the  comet  followed  the  47th  star  of  Taurus  in  the  British 
Catalogue  12'  50"  in  right  ascension,  and  was  0'  15"  more  northerly  than  the 
star.  Hence  the  comet's  right  ascension  was  60°  8'  5",  and  its  declination  8e 
34'  5"  north.    This,  and  all  the  following  observations,  were  made  with  a 
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good  fifteen  foot  telescope,  the  comet  now  appearing  too  faint  to  be  well 
observed  with  the  seven  foot  tube. 

March  17,  8h.  40',  the  comet  followed  r  Tauri  25'  5"  in  right  ascension, 
and  was  9'  40"  more  northerly.  Hence  its  right  ascension  was  62°  47'  55", 
and  its  declination  8s  58'  45"  north. 

March  19,  7h.  50',  the  comet  followed  the  same  star  2*  4'  50"  in  right 
ascension,  being  28'  55"  more  northerly.  Hence  its  right  ascension  was  64" 
27'  40",  and  declination  9°  18'  0"  north. 

The  same  night  at  9h.  0',  the  comet  preceded  d  Tauri  47'  40"  in  right 
ascension,  and  was  22"  50"  more  southerly.  Hence  its  right  ascension  was 
64s  30'  20",  and  declination  9'  12'  35"  north. 

March  20,  8h.  5',  the  comet  preceded  d  Tauri  0'  30"  in  right  ascension, 
and  was  16'  35"  more  southerly  than  the  star.  Hence  its  right  ascension 
was  65"  17'  SO",  and  declination  9°  18'  50"  north. 

March  22,  8h.  15',  the  comet  followed  the  same  star  1°  36'  10"  in  right 
ascension,  and  was  3'  50"  more  southerly.  Hence  its  right  ascension  was  66° 
54'  10",  and  declination  99  81'  35"  north. 

This  was  the  last  night  that  I  saw  the  comet ;  for  the  moon,  being  then 
in  her  increase,  entirely  obstructed  its  farther  appearance.  The  light  of  the 
comet  was  indeed  (even  in  the  moon's  absence)  so  wry  weak,  that  I  fouud  it 
difficult,  in  some  of  the  latter  observations,  to  take  its  place  with  any  tolerable 
certainty;  which  is,  in  part,  the  cause  of  some  little  disagreement  observable 
in  the  comet's  places  taken  from  the  same  stars  on  different  nights ;  though 
there  are  likewise  other  irregularities  that  occur  in  this  series  of  observations, 
which  seem  to  arise  from  small  errors  in  the  assumed  places  of  the  fixed 
stars. 

Supposing  the  trajectory  described  by  this  comet  to  be  nearly  parabolical, 
conformable  to  what  sir  Isaac  Newton  has  delivered  in  the  third  book  of  his 
Princip.  Math.  I  collect  from  the  foregoing  observations  that  the  motion  of 
this  comet  in  its  own  orbit  was  direct,  and  that  it  was  in  its  perihelion, 
January  19,  8  h.  207  temp,  a-quat.  Loud.  That  the  inclination  of  the  plane 
of  the  trajectory  to  the  ecliptic  was  18°  20'  45";  the  place  of  the  descending 
node  8  16°  22*;  the  place  of  the  perihelion  -  25°  55';  the  distance  of  the 
perihelion  from  the  descending  node  80*27';  the  logarithm  of  the  ]>erihc- 
lion  distance  from  the  sun  9,347960;  the  logarithm  of  the  diurnal  motion 
0,938188. 

From  these  elements  (by  the  help  of  Dr.  Halley  s  general  table  for  comets 
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to  which  they  are  adapted)  I  computed  the  places  in  the  following  table; 
which  also  contains  the  longitudes  and  latitudes  of  the  comet,  calculated 
from  the  observed  right  ascensions  and  declinations  above-mentioned,  to- 
gether with  the  differences  between  the  olwerved  and  computed  places. 
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From  the  small  differences  l>etweeii  the  comet's  observed  and  computed 
places,  exhibited  in  the  two  lust  columns  of  this  table,  we  may  reasonably 
conclude  that  the  orbit,  as  alwve  determined,  cannot  differ  much  from  the 
truth,  and  must  therefore  l»e  near  enough  to  enable  future  astronomers  to 
distinguish  this  comet  upon  another  return,  and  thereby  to  settle  its  period; 
which  I  cannot  at  present  pretend  to  do,  not  having  met  with  an  account  of 
any  former  comet  that  seems  likely  to  have  been  the  same  with  this,  whereof 
a  description  has  been  given  particular  enough  to  determine  this  point. 
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Observations  upon  the  Comet  that  appeared  in  the  months  of  Sejitem- 
ber  and  October  1757,  made  at  the  Royal  Observatory. 

[Philosophical  Transactions,  vol.  L.  p.  408.] 

I  DEFERRED  to  give  an  account  of  ray  observations  upon  the  comet  that 
hath  lately  appeared,  till  I  could  settle  the  places  of  the  stars  with  which  it 
had  been  compared ;  several  of  them  not  being  inserted  in  the  British  Cata- 
logue, and  those  which  are  requiring  some  small  corrections,  which  I  have 
since  made  from  my  own  observations. 

When  I  first  discovered  this  comet,  it  appeared  to  the  naked  eye  like  a 
dull  star  of  the  fifth  or  sixth  magnitude;  but  viewing  it  through  a  seven  foot 
telescope,  I  could  perceive  a  small  nucleus,  (surrounded,  as  usual,  with  a 
nebulous  atmosphere,)  and  a  short  tail  extended  in  a  direction  opposite  to 
the  sun. 

Some  small  stars  then  appearing  in  the  field  of  the  telescope  with  the 
comet,  I  measured  its  distance'  from  them  with  a  micrometer ;  and  on  Sep- 
tember 12d.  at  I6h.  2'  mean  time,  I  found  it  to  be  1*  13'  5"  distant  from  a 
small  star,  whose  right  ascensiou  was  afterwards  found  to  be  89°  49'  40", 
and  declination  36"  11'  30"  north:  and  near  the  same  time  the  comet  was 
observed  to  be  43'  10"  from  another  star,  whose  right  ascension  was  90°  20'  0", 
and  declination  35°  12'  0"  north. 

Hence  I  collected  that  the  comet's  right  ascension  was  89*  29'  10",  and  its 
declination  35°  0'  20"  north. 

September  13d.  12h.  37  mean  time,  (which  is  likewise  made  use  of  in  the 
following  observations,)  the  comet  had  the  same  right  ascension  with  a  small 
star,  whose  right  ascension  was  93*  5'  30",  and  declination  34°  36'  40"  north; 
and  it  was  about  two  minutes  more  northerly  than  the  star.  Hence  the 
comet's  right  ascension  was  93"  5'  SO",  and  its  declination  34°  38'  40"  north. 

September  14d.  14h.  0',  the  comet  preceded  6  Geminorum  1"  31'  35"  in 
right  ascension,  and  was  11'  35"  more  southerly.  The  apparent  right  ascen- 
sion of  6  Geminorum  was  then  99*  11'  40",  and  its  declination  34*  13'  25" 
north.  Hence  the  right  ascension  of  the  comet  was  97°  4^  5",  and  its  de- 
clination 34*  1'  50"  north. 

September  17d.  13h.  Of,  a  small  star  (whose  right  ascension  was  109*  55' 
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20",  and  declination  31°  27'  40")  preceded  the  comet  47*  10"  in  right  ascen- 
sion, and  was  12'  30"  more  northerly.  Hence  the  comet's  right  ascension 
was  110*  42'  40",  and  its  declination  31"  15'  10"  north. 

September  19d.  15h.  If,  a  star  (whose  right  ascension  was  118°  29'  40", 
and  declination  28°  9'  45")  preceded  the  comet  1°  14'  0"  in  right  ascension, 
and  was  more  southerly  15'  45".  Hence  the  comet's  right  ascension  was  119" 
43'  40"  and  declination  28°  25'  30"  north. 

September  23d.  15h.  57',  a  star  (whose  right  ascension  was  134"  55'  45", 
and  declination  22°  15'  55"  north)  preceded  the  comet  12"  30"  in  right  ascen- 
sion, and  was  29'  0"  more  northerly.  Hence  the  comet's  right  ascension  was 
135°  8'  15",  and  its  declination  21°  46'  55"  north. 

September  24 d.  15h.  21',  the  comet  had  the  same  declination  with  a  small 
star  that  preceded  it  10'  15"  in  right  ascension.  This  star's  right  ascension 
was  afterwards  found  to  be  138°  13'  45",  and  its  declination  20°  5' 20". 
Hence  the  comet's  right  ascension  was  138°  24'  0",  and  its  declination  20°  5' 
20"  north. 

September  28d.  I6h.  22',  the  comet  followed  ReguluB  1°  7'  12"  in  right 
ascension,  and  was  14'  45"  more  northerly.  The  right  ascension  of  Regulus 
being  then  148°  51'  13",  and  its  declination  13°  8'  35"  north;  the  comet  s 
right  ascension  was  149°  58'  25",  and  its  declination  13°  23*  20"  north. 

September  30  d.  I6h.  24',  f  LeonLs  (whose  right  ascension  was  155°  0'  10", 
arid  declination  10'  82'  53"  north)  followed  the  comet  18'  45"  in  right  ascen- 
sion, and  was  7'  53"  more  northerly.  Hence  the  comet's  right  ascension  was 
154"  41'  25",  and  its  declination  10"  25'  0"  north. 

October  2d.  I6h.  48',  the  37th  star,  Sextantis  Hevel.  in  the  British  Cata- 
logue, (whose  right  ascension  was  158"  21'  25",  and  declination  V  38'  40" 
north.)  preceded  the  comet  32'  50"  in  right  ascension,  and  was  3'  20"  more 
southerly.  Hence  the  comet's  right  ascension  was  158"  54'  15",  and  it*  de- 
clination 7°  42'  0"  north. 

October  3d.  l6h.  45',  cLeonis  (whose  right  ascension  was  162*2'  15",  and 
declination  7*  24'  0"  north)  followed  the  comet  1°  12'  55"  in  right  ascension, 
and  was  56'  40"  more  northerly.  Hence  the  comet's  right  ascension  was 
160°  49'  20",  and  its  declination  6°  2T  20"  north. 

October  4d.  17h.  0',  d  Leonis  (whose  right  ascension  was  162*  0'  15",  and 
declination  4°  54'  57"  north)  preceded  the  comet  40'  15"  in  right  ascension, 
and  was  more  southerly  20'  53".  Hence  the  comet's  right  ascension  was  162° 
40'  30",  and  its  decliuation  5°  15'  50"  north. 
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October  7d.  I6h.  54',  the  79th  Leonis  in  the  British  Catalogue  (whose 
right  ascension  was  167°  53'  37",  and  declination  2"  44'  15"  north)  followed 
the  comet  13'  0"  in  right  ascension,  and  was  more  northerly  38'  35".  Hence 
the  comet's  right  ascension  was  1679  40'  37",  and  its  declination  2"  5'  40" 
north. 

October  8d.  I6h.  53',  the  comet  preceded  v  Leonis  1°  53'  30"  in  right 
ascension,  and  was  37'  20"  more  northerly.  The  right  ascension  of  this  star 
was  171*  7'  45",  and  its  declination  0"  SO7  55"  north;  therefore  the  comet's 
right  ascension  was  169°  14'  15",  and  its  declination  1*  8'  15"  north. 

Octolwr  lid.  16 h.  52',  the  comet  followed  «  Leonis  2°  33'  30"  in  right 
ascension,  and  appeared  1°  55'  5"  more  southerly;  but  it  being  near  the 
horizon,  the  difference  of  right  ascension  must  have  been  contracted  by  re- 
fraction about  1'  5",  and  the  difference  of  declination  about  1'  30":  so  that 
the  corrected  right  ascension  of  the  comet  was  173"  42'  20",  and  its  declina- 
tion 1°  25'  40"  south. 

Immediately  after  this  observation  a  fog  arose,  which  prevented  me  from 
repeating  it ;  and  several  mornings  following  proving  hazy  or  cloudy,  I  could 
not  see  the  comet  again  till  October  18th,  about  an  hour  and  a  quarter  be- 
fore sun-rising  ;  when  the  twilight  being  strong,  and  the  comet  low,  it 
appeared  very  faint.  However,  I  was  unwilling  to  omit  the  opportunity  of 
determining  its  place,  as  near  as  I  could,  by  a  single  observation,  in  the  fol- 
lowing manner. 

At  6h.  59'  54"  £  sidereal  time,  I  observed  the  passage  of  the  comet  over 
the  perpendicular  wire  of  my  equatorial  sector;  then  leaving  the  instrument 
in  the  same  position  till  the  next  evening,  I  observed,  that  at  22h.  8'  15" 
sidereal  time,  the  17th  star  of  Eridanus  in  the  British  Catalogue  passed  over 
the  same  wire  (or  horary  circle)  9'  30"  more  southerly  than  the  comet.  And 
at  23  h.  45'  36"  sidereal  time,  the  star  marked  h  in  Eridanus  passed  19'  55" 
more  northerly  than  the  comet. 

I  found  that  the  situation  of  my  instrument  was  not  sensibly  altered  be- 
tween the  18th  and  19th  of  October;  for  the  transits  and  the  difference  of 
declination  of  the  same  stars  being  observed  with  it  again  on  the  19th  of 
October,  they  agreed  very  well  with  those  that  were  taken  the  preceding 
night.  It  may  therefore  be  supposed,  that  the  position  of  the  instrument 
continued  the  same  likewise  during  the  time  of  the  foregoing  observations. 

The  right  ascension  of  the  17th  star  of  Eridanus  being  49°  39'  10",  and 
its  declination  5°  55'  25"  south ;  and  the  right  ascension  of  h  of  Eridanus 
being  73°  59'  25",  and  its  declination  5°  25'  10"  south;  I  collected,  that  when 
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the  comet  passed  the  wire,  (or  horary  circle,)  which  was  October  17d.  17h. 
12'  mean  time,  its  right  ascension  was  182°  34'  0",  and  its  declination  5°  45' 
35"  south. 

The  last  time  that  I  saw  the  comet  was  on  the  19th  of  October  in  the 
morning;  but  it  then  appeared  so  faint,  that  I  could  not  observe  its  place. 
Its  elongation  from  the  sun  was  then  but  about  twenty  degrees ;  and  from 
that  day  to  the  present  it  hath  always  been  less ;  which  is  the  principal  rea- 
son why  it  was  invisible  to  us  at  the  time  when  it  was  in  its  perihelion,  and 
hath  remained  so  ever  since.  The  elongation  will  indeed  soon  become 
greater,  and  yet  it  is  probable  that  we  shall  not  be  able  to  see  the  comet 
again ;  because  its  real  distance  from  the  sun  will  be  greater  than  it  was 
when  I  first  saw  it,  and  it  will  be  also  four  times  farther  from  us  than  it 
was  at  that  time. 

The  comet  kept  nearly  at  the  same  distance  from  the  earth  for  ten  or 
twelve  days  together  after  I  first  saw  it ;  but  its  brightness  gradually  in- 
creased then,  because  it  was  going  nearer  to  the  sun.  Afterwards,  when  its 
distance  from  the  earth  increased,  although  it  continued  to  approach  the 
sun,  yet  its  lustre  never  much  exceeded  that  of  stars  of  the  second  magni- 
tude, and  the  tail  was  scarce  to  be  discerned  by  the  naked  eye. 

All  the  forementioned  observations  were  made  with  a  micrometer  in  a 
seven  foot  tube,  excepting  those  of  the  3d,  11th,  and  17th  days  of  October, 
which  were  taken  with  a  curious  sector  constructed  for  such  purposes  by 
the  late  ingenious  Mr.  George  Graham;  of  which  Dr.  Smith  has  given  a  very 
exact  description  in  his  third  book  of  Optics. 

Supposing  the  trajectory  of  this  comet  to  be  parabolic,  I  collected  from 
the  foregoing  observations  that  its  motion  round  the  sun  is  direct,  and  that 
it  was  in  its  perihelion  October  the  21st,  at  7h.  55'  mean  (or  equated)  time, 
at  Greenwich.  That  the  inclination  of  the  plane  of  its  trajectory  to  the 
ecliptic  is  12°  5C  20";  the  place  of  the  descending  node  b  4°  127  50";  the 
place  of  the  perihelion  SI  2°  58'  0" ;  the  distance  of  the  perihelion  from  the 
descending  node  88°  45'  10";  the  logarithm  of  the  perihelion  distance 
9,528328  ;  the  logarithm  of  the  diurnal  motion  0,667636. 

From  these  elements  (which  are  adapted  to  Dr.  Halley's  general  table  for 
the  motion  of  comets  in  parabolic  orbits)  I  computed  the  places  of  this  comet 
for  the  respective  times  of  the  foregoing  observations,  as  in  the  following 
table;  which  contains  likewise  the  longitudes  and  latitudes  deduced  from 
the  olwerved  right  ascensions  and  declinations,  and  also  the  differences  be- 
tween the  computed  and  observed  places.     These  differences  (nowhere 
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exceeding  40")  shew,  that  the  elements  here  set  down  will  be  sufficient  to 
enable  future  astronomers  to  distinguish  this  comet  upon  another  return; 
but  as  they  do  not  correspond  with  the  elements  of  the  orbit  of  any  other 
comet  hitherto  taken  notice  of,  we  cannot  determine  at  present  the  period 
thereof. 
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The  Longitude  of  Lisbon  and  the  Fort  of  New  York  from  Wamted 
and  London,  determined  by  Eclipses  of  the  First  Satellite  of  Ju- 
piter. 

[Philosophical  Transactions,  N°.  39*.  vol.  XXXIV.  p.  85.] 

Some  curious  astronomical  observations  having  lately  been  communicated 
to  this  Society  from  Lisbon,  among  which  were  several  eclipses  of  the  first 
satellite  of  Jupiter";  I  was  willing  to  examine  whether  I  had  made  any  at 
Wansted  which  tallied  with  them,  that  by  comparing  such  together,  the  true 
difference  of  longitude  between  those  places  might  be  found.  But  looking 
over  my  observations  of  the  first  satellite,  made  last  year  and  the  beginning 
of  this,  I  meet  only  with  two  emersions  that  were  observed  the  same  night 
both  at  Lisbon  and  Wansted.  There  are  others,  indeed,  made  within  a  few 
days  of  each  other,  which  may  likewise  be  made  use  of,  to  determine  the 
difference  of  longitude ;  but  not  with  the  same  degree  of  certainty,  by  reason 
of  the  irregular  motion  of  the  satellite ;  which,  I  presume,  chiefly  arises  from 
the  gravity  of  the  other  satellites  towards  it.  For  although  the  effect  of  the 
influence  that  the  satellites  have  on  each  other  is  most  remarkable  in  the 
second,  whose  motion  will  sometimes  be  accelerated  or  retarded  thereby  as 
much  as  amounts  to  thirty  or  forty  minutes  in  time,  in  the  space  of  about 
seven  months,  or  in  half  the  period  in  which  the  three  innermost  satellites 
return  to  have  nearly  the  same  position  with  respect  to  themselves  and  the 
shadow  of  Jupiter ;  yet  the  first  seems  also  liable  to  inequalities  that  cannot 
well  be  accounted  for,  but  from  some  such  cause  as  is  before  mentioned,  the 
effect  of  which  will  not  easily  be  reduced  to  any  rule,  but  from  a  long  and 
exact  series  of  observations.  And  till  some  better  and  more  certain  rule  can  Ik* 
found  out,  we  may  suppose,  that  the  effect  produced  by  this  cause  is,  during 
small  intervals,  proportionable  to  the  time.  On  this  supposition  I  have  com- 
pared some  observations  with  others  not  made  the  same  nights;  and  the 
result  is  nearly  the  same  as  in  those  which  were  observed  at  the  same  time 
in  both  places,  as  will  appear  by  the  following  jMirticulars. 

The  immersion  of  the  first  satellite  was  observed  at  Wansted  with  Mr. 

*  By  John  Baptist  Carbo ;  see  p.  90  of  the  34th  volume  of  the  l»hilosophical  Transactions. 
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Hadley's  reflecting  telescope  on  August  4,  N.  S.,  1725,  about  45"  after  the 
time  of  the  immersion,  as  calculated  from  my  tables.  By  another  observa- 
tion made  August  29,  N.S.,  the  true  immersion  preceded  the  calculation  from 
the  same  tables  1'  10":  so  that  in  twenty-five  days  the  satellite's  motion  was 
accelerated  as  much  as  answered  to  1'  55"  in  time.  Supposing  therefore  the 
acceleration  to  have  been  in  the  same  proportion  between  July  28,  and  Au- 
gust 4,  N.  8.,  then  the  true  immersion  July  28,  N.  S.,  would  have  happened 
at  Wansted  about  1'  15"  after  the  time  by  the  tables,  which  make  the  im- 
mersion at  12h.  48'  45"  app.  time.  The  true  immersion  therefore  was  at 
Wansted,  July  28,  N.  S.,  12h.  50'  0"  app.  time;  and  at  Lisbon  'twas  observed 
at  12  h.  12'  26*'  app.  time,  the  difference  being  37'  34". 

September  28,  N.  S.,  the  first  satellite  was  seen  emerging  in  the  reflector 
at  Wansted  3'  50"  sooner  than  the  tables  make  the  emersion ;  and  by  the 
mean  of  two  more  observations  made  at  the  same  place,  and  with  the  same 
telescope,  on  the  14th  and  16th  of  October,  N.  S.,  the  true  emersion  preceded 
the  calculation  4'  SO".  We  may  therefore  from  hence  conclude,  that  on  Sep- 
tember 21,  N.  S.,  the  true  emersion  at  Wansted  preceded  the  calculation  by 
the  tables  about  3'  35",  and  that  the  true  emersion  there  was  at  12h.  1'  15" 
app.  time;  but  this  emersion  was  observed  at  Lisbon  at  11  h.  24'  55",  the 
difference  being  36"  20". 

The  observations  at  Wansted  being  made  with  Mr.  Hadley's  reflecting 
telescope,  (by  which  one  may  see  the  first  satellite  near  \  of  a  minute  sooner 
when  'tis  emerging,  than  in  a  refracting  telescope  of  fifteen  feet,  and  the 
contrary  when  'tis  immerging.)  there  ought  to  be  some  allowance  made  on 
account  of  different  telescopes  made  use  of  at  Lisbon  and  Wansted,  by  de- 
ducting 10"  or  15"  from  the  difference  of  time  collected  from  the  immersions, 
and  adding  as  much  to  the  difference  deduced  from  the  emersions.  Such 
correction  being  made,  the  difference  of  meridians  by  the  immersion  observed 
July  28,  will  be  37'  20",  and  by  the  emersion  September  21,  36'  85". 

The  emersion  observed  at  Lisbon,  December  8,  N.S.,  at  8h.  32*  40"  appa- 
rent time,  was  likewise  seen  at  Wansted  in  a  fifteen  foot  tube  at  9h.  10'  5" 
apparent  time,  the  air  being  a  little  hazy,  which  may  probably  make  the 
difference  37*  25"  a  little  too  great. 

The  emersion  seen  at  Lisbon,  January  16,  1726,  N.  S.,  at  6h.  51'  10", 
which  seems  accompanied  with  circumstances  that  argue  its  exactness,  was 
likewise  very  well  observed  at  Wansted  in  a  fifteen  foot  tube  at  7h.  28'  22" 
apparent  time,  the  difference  being  37*  12". 

l  2 
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These  are  the  only  observations  among  those  which  were  last  communi- 
cated, that  I  could  compare  with  any  degree  of  certainty  with  my  own :  but 
I  find  others  printed  in  the  Philosoph.  Transact.  N°.  385,  which  were  like- 
wise made  by  the  same  curious  persons,  who  observed  an  emersion  of  the 
first  satellite  at  Lisbon,  September  2,  1724,  N.  S.,  at  9h.  36"  57".  This 
was  seen  also  at  Wansted  in  the  reflector  at  lOh.  13'  28"  apparent  time. 
Hence,  allowing  for  the  different  telescopes,  the  difference  of  meridians  is 
36'  45". 

This  emersion  at  Wansted  preceded  the  calculation  by  the  tables  4'  40": 
and  another  emersion  observed  with  the  same  telescope  on  September  18, 
N.  S.,  preceded  the  calculation  5'  10".  We  may  therefore  suppose,  that  on 
September  9,  N.  S.,  the  true  emersion  at  Wansted  preceded  the  computed 
about  4'  52".  The  emersion  that  day  by  the  tables  was  at  12h.  15'  34"  app. 
time;  therefore  the  true  emersion  at  Wansted  was  at  12h.  10'  42".  At 
Lisbon  'twas  observed  at  lib.  34'  26":  so  that  allowing  for  the  difference  of 
telescopes,  the  difference  of  meridians  by  this  observation  is  36'  30". 

The  mean  of  all  these  differences  is  about  36'  58",  from  which,  subtracting 
28"  for  the  difference  of  meridians  between  London  and  Wansted,  the  re- 
mainder will  be  the  difference  of  meridians  between  London  and  Lisbon ; 
viz.  36" £  =  9'  T\,  Lisbon  being  so  much  to  the  westward  of  London.  This 
difference  of  longitude  is  about  5'^  greater  than  what  is  determined  in  the 
forementioned  Transaction :  but  as  the  gentlemen  to  whom  we  are  indebted 
for  these  observations  have  given  us  hopes  that  they  will  continue  to  make 
and  communicate  more,  we  need  not  doubt  but  their  exact  care  and  diligence 
will  soon  enable  us  to  judge  yet  more  nicely  of  the  true  situation  of  those 
cities  with  respect  to  each  other. 

The  same  Transaction  containing  some  observations  of  eclipses  of  the 
same  satellite  made  in  the  fort  of  New  York,  communicated  by  his  excellency 
William  Burnet,  esq.  governor  of  New  York,  I  shall  take  this  opportunity  of 
determining  the  longitude  of  that  fort  more  exactly  than  it  can  be  supposed 
to  be  there  done,  by  the  bare  comparison  of  the  observations  with  the  tables ; 
having  two  observations  made  at  Wansted,  which  tally  with  two  made  at 
New  York,  on  August  25,  and  September  10. 

By  the  observation  made  August  25,  1723,  O.  S.,  which  is  esteemed  the 
most  distinct  and  best,  the  satellite  emerged  at  9h.  35'  14"  by  the  clock, 
which  went  about  1'  i  too  fast  for  the  apparent  time  at  the  emersion,  as 
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appears  by  the  altitudes  of  the  sun's  limb  taken  the  morning  before  and  after 
the  observation;  so  that  the  emersion  at  New  York  was  at  9h.  34'  appareut 
time;  that  is,  9h.  $£  20"  mean  time. 

August  27,  8h.  5T  40"  mean  time,  the  satellite  was  seen  emerging  at 
Wansted  in  the  reflector ;  and  September  12,  7h.  17'  15"  mean  time,  'twas 
seen  emerging  again  in  the  same  telescope :  so  that  in  15d.  22h.  19'  35"  there 
were  nine  emersions;  and  the  interval  between  each  was  about  Id.  18h. 
28'  50".  This  subtracted  from  the  time  of  the  emersion  observed  at  Wan- 
sted August  27,  will  give  the  true  emersion  at  Wansted  on  August  25,  14h. 
28'  50"  mean  time;  that  is,  4h.  56"  SO"  later  than  it  was  observed  at  New 
York. 

September  10,  8h.  0'  10"  by  the  clock,  another  emersion  was  observed  at 
New  York.  From  the  altitudes  of  the  sun's  limb  taken  the  morning  before, 
1  compute  the  error  of  the  clock  at  the  time  of  the  emersion  to  be  1'  10", 
and  that  the  emersion  happened  at  7h.  59'  apparent  time,  that  is,  7h.  51'  52" 
mean  time  at  New  York.  But  subtracting  the  forementioned  interval  of  1  d. 
18h.  28'  50"  from  the  time  of  the  emersion  observed  at  Wansted  September 
12,  7h.  17'  15"  mean  time,  we  shall  have  the  time  of  the  true  emersion  at 
Wansted  on  September  10,  at  12h.  48'  25"  mean  time,  which  is  4h.  56'  35" 
later  than  'twas  observed  at  New  York.  The  difference  therefore  of  meri- 
dians between  Wansted  and  New  York,  allowing  about  15"  for  the  difference 
of  telescopes,  is  about  4h.  5C  45",  and  between  London  and  New  York. 
4h.  56  ±:  so  that  the  true  longitude  of  New  York  from  London  is  74« 
4'  west. 
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An  Account  of  some  Observations  made  in  London,  by  Mr.  George 
Graham,  F.R.S.;  and  at  Black-River  in  Jamaica,  by  Colin 
Campbell,  Esq.  F.  R.  S.  concerning  the  Going  of  a  Clock,  in  order 
to  determine  the  Difference  between  the  Lengtfis  of  Isochronal  Pen- 
dulums in  those  places. 

[Philosophical  Transactions,  X°.  432.  vol.  XXXVIII.  p.  30*.] 

ALTHOUGH  it  is  now  above  sixty  years  since  Mr.  Richer  first  discovered 
that  pendulums  of  the  same  length  do  not  perforin  their  vibrations  in  equal 
times  in  different  latitudes ;  and  though  several  experiments  made  since  in 
different  parts  of  the  earth  concur  to  prove  that  pendulums  swinging  seconds 
are  in  general  shorter  as  we  approach  the  equator ;  yet  what  the  real  differ- 
ence is  between  their  lengths  in  different  latitudes,  does  not  seem  to  have 
been  determined  with  sufficient  exactness  by  the  observations  that  have 
hitherto  been  communicated  to  the  public;  as  may  be  gathered  from  the 
twentieth  proposition  of  the  third  book  of  sir  Isaac  Newton's  Principia, 
where  they  are  compared  as  well  with  each  other,  as  with  the  theory  of  that 
illustrious  author.  It  were  therefore  to  be  wisbed,  that  more  of  this  kind  of 
experiments  could  be  made  with  greater  accuracy  in  proper  places,  by  such 
persons  as  have  sufficient  skill  and  opportunities  to  do  it ;  that  we  might 
thereby  be  enabled  to  judge  with  more  certainty  concerning  the  true  figure 
of  the  earth,  and  the  nature  of  its  constituent  parts. 

As  an  inducement  to  such  as  may  have  it  in  their  power  to  put  the  like 
again  into  practice,  I  shall  lay  before  the  Society  an  account  of  a  very  curious 
experiment  of  this  sort  lately  made  in  Jamaica,  by  our  worthy  member  Colin 
Campbell,  esq.,  whose  knowledge  and  abilities  in  every  respect  qualifies  him 
for  the  improvement  of  arts  and  sciences ;  and  whose  genius  prompts  him  to 
cultivate  them  so  assiduously,  that  I  doubt  not  but  we  shall  soon  have  the 
satisfaction  of  receiving  many  other  valuable  observations  from  him,  par- 
ticularly such  as  relate  to  astronomy;  he  having  furnished  himself  with  an 
apparatus  of  instruments  not  unworthy  the  observatory  of  a  prince.  Among 
these  is  a  clock  whose  pendulum  vibrates  seconds,  made  by  our  ingenious 
member  Mr.  George  Graham,  justly  esteemed  for  his  great  skill  in  mechanics; 
who  judging  that  an  opportunity  was  now  offered  of  trying  with  the  utmost 
exactness  what  is  the  true  difference  between  the  lengths  of  isochronal  pen- 
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dulums  at  London  and  Jamaica,  readily  embraced  it ;  and  in  framing  the 
parts  of  the  clock,  carefully  contrived  that  its  pendulum  might  at  pleasure 
be  reduced  to  the  same  length,  whenever  there  should  be  occasion  to  remove 
the  clock  from  one  place,  and  set  it  up  in  another. 

This  clock  being  chiefly  designed  for  astronomical  observations,  had  no 
striking  part,  and  its  pendulum  was  adjusted  to  such  a  length,  that  in  Lon- 
don it  vibrated  seconds,  of  sidereal,  and  not  of  solar  time.  When  it  was 
finished,  Mr.  Graham  fixed  it  up  in  a  room  situated  backward  from  the 
street,  and  on  the  north  side  of  his  house,  to  prevent  its  being  disturbed  by 
coaches  or  other  carriages  that  passed  through  the  street,  and  that  it  might 
be  as  little  affected  by  the  sun  as  possible.  Having  set  it  going,  he  compared 
it  with  the  transits  of  the  star  Lucida  Aquila?  over  the  meridian,  which  passed 

H.  ,  u 
1731,  August  20  at  8  59  15  -  ' 

22  at  8  59  18 

23  at  8  59  20; 

25  at  8  59  22  \  by  the  clock. 

28  at  8  59  25J 

29  at  8  59  26 

30  at  8  59  27  . 

Hence  it  appears,  that  the  clock  gained  twelve  seconds  in  ten  apparent 
revolutions  of  the  star. 

In  order  to  estimate  how  much  the  pendulum  may  be  lengthened  by 
greater  degrees  of  heat,  or  how  much  slower  the  clock  would  go  ou  that 
account,  when  removed  into  a  warmer  climate,  a  thermometer  was  fixed  by 
the  side  of  it ;  and  between  the  hours  of  ten  and  eleven  in  the  morning,  and 
at  night,  notice  was  taken  at  what  height  the  spirits  stood,  and  the  mean 
height  for  each  day  was  as  follows : 

TTierrn. 

1 731,  August  21  82;  divisions. 

22  30* 

23  28} 

24  271 

25  28$     Hence  the  mean  height  for  all  these  days  was 

26  27J  about  28;  divisions. 

27  274 

28  274 

29  274 

30  27J 
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The  clock-weight  that  keeps  the  pendulum  in  motion  is  121b.  10£  oz.  and 
is  to  be  wound  up  once  in  a  month.  The  weight  of  the  pendulum  itself  is 
171b.  and  (during  the  time  that  the  clock  was  compared  with  the  transits  of 
the  star)  it  vibrated  each  way  from  the  perpendicular  1°  45'.  The  magni- 
tude of  the  vibrations  was  estimated  by  means  of  a  brass  arc,  which  was 
fixed  just  under  the  lower  end  of  the  rod  of  the  pendulum,  and  divided  into 
i'c^Ovj  y  ■ 

August  31,  Mr.  Graham  took  off  the  weight  belonging  to  the  clock,  and 
hung  on  another  of  61b.  3  oz.  and  with  this  weight  the  pendulum  vibrated 
only  1*  15'  on  each  side;  and  the  clock  went  one  second  and  an  half  slower 
in  twenty-four  hours,  than  wheu  its  own  weight  of  121b.  10£  oz.  was 
hung  on. 

This  experiment  shews,  that  a  small  difference  in  the  arcs  described  by 
the  pendulum,  or  a  small  alteration  in  the  weight  that  keeps  it  in  motion, 
will  cause  no  great  difference  in  the  duration  of  the  vibrations ;  and  there- 
fore a  little  alteration  in  the  tenacity  of  the  oil  upon  the  pivots,  or  in  the 
foulness  of  the  clock,  will  not  cause  it  to  accelerate  or  retard  its  motion  sen- 
sibly; from  whence  we  may  conclude,  that  whatever  difference  there  shall 
appear  to  be,  between  the  going  of  the  clock  at  Loudon  and  in  Jamaica,  it 
must  wholly  proceed  from  the  lengthening  of  the  pendulum  by  heat,  and  the 
diminution  of  the  force  of  gravity  upon  it. 

A  particular  written  account  of  the  olwervatious  and  experiments  hitherto 
taken  notice  of,  was  delivered  to  me  by  Mr.  Graham  in  September  1731, 
about  the  same  time  the  clock  was  put  on  shipboard  to  be  carried  to  Jamaica. 
He  likewise  sent  very  full  directions  to  Mr.  Campbell,  describing  in  what 
manner  the  clock  was  to  be  fixed  up,  and  how  the  pendulum  might  be 
reduced  exactly  to  the  same  state  as  it  was  when  in  England ;  but  no  inti- 
mation was  given  concerning  the  going  of  the  clock,  that  the  experiment 
might  be  made  with  all  possible  care  and  caution,  and  without  any  bias  or 
prejudice  in  favour  of  any  hypothesis,  or  former  observations. 

In  July  1732,  we  received  an  account  of  the  success  of  the  experiment,  by 
the  hands  of  Mr.  Joseph  Harris,  who  was  present  at  the  making  of  it  in 
Jamaica,  whither  he  went  the  year  before  with  Mr.  Campbell,  in  order  to 
assist  him  in  his  design  of  erecting  an  observatory  for  the  improvement  of 
astronomy,  and  the  promoting  other  parts  of  natural  knowledge  in  that 
island :  but  his  ill  state  of  health  obliging  him  to  return  into  England,  he 
brought  with  him  the  original  journal  of  the  observations  of  the  transits  of 
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two  stars  (viz.  Sinus  &  P  Canis  Majoris)  over  the  meridian,  compared  with 
the  clock,  after  it  was  fixed  up  in  Jamaica,  as  Mr. Graham  had  directed; 
together  with  the  height  of  the  spirits  of  the  foretnentioned  thermometer 
upon  the  several  days  of  observation. 

The  chief  of  those  observations  are  contained  in  the  following  table,  the 
first  column  whereof  shews  the  day  of  the  month ;  the  second  the  name  of 
the  star,  and  the  time  by  the  clock  of  its  observed  transit  over  the  meridian ; 
the  third  contains  the  hour  of  the  day  when  the  thermometer  was  observed, 
together  with  the  height  of  the  spirit  at  those  hours;  the  morning  hours 
being  denoted  by  the  letter  A,  and  those  of  the  afternoon  by  the  letter  P. 


1732.  Jan.  23. 

24. 
25. 

26. 
27. 
28. 

29. 

SO. 
31. 
Feb.  1. 
2. 

3. 


C»n.      Tim,  at 

M.J.  Tnu»it. 

Hoar  of  Thermo- 
D«r.  mrUT. 

H     /  t, 

0  11  59  50 
a   12  22  14 

H. 

104  A  14J 

94  p  11 

Cloudy.       llj A  154 

0   11  55  40 
a   12  18  4 

84  A  174 

94  P  114 

,3   11  53  35 
«  12  16  00 

8  A  20 

2  p  ^ 

9  p  10 

0  11  51  31 
«  1213  55 

7  A  17* 
2  P  84 
9JP  124 

0   11  49  26 
a    12  1151 

7  A  204 
2  P  11 
10  P  12 

0  11  47  22 
«   12  9  46 

6J  A  19 
3  P  9 
9  P  114 

Cloudy. 

7  A  204 
4  P  7 
11  P  18 
7  A  20 
9  P  84 

0  11  43  12 
a  12  5  37 

0   11  41  Hi 

a   12  3  33 

10  A  18J 

11  P  16 

^   11  39  0 
■   12  1234 

94  A  174 
2  P  9 
5  P  6 
9  P  84 

0    11  36  53 

84A  19 
1  P  94 
9  P  9 

1732.  Feb.  4.  0 


5. 
6. 
7. 

8. 
9- 
10. 

11. 
12. 

13. 
14. 


C«n.      Tim*  at 


Hour  at 

i».r. 


Th. 


H.  ,  u 
11  34  46 
11  57  11 


H. 

64  A 
12 
9  P 


18 

I* 


11  32  40 
11  55  5 


11  30  35 
Cloudy. 


11  28  31 
11  50  55 


74  A 
34  P 
84  P 


194 
6 
8 


7  A 
4  P 

84P 


9 

8 


7  A 
12 
84  P 


204 
12 
84 


11  24  20 
11  46  44 


11  22  124 
11  44  37 


64  A 

HI  V 

94  A 
84  P 


214 

J8! 

14 

8 


11  20  6 
11  42  30 

U  18  0 
11  40  24 


74  A 
114  A 

34  P 
_84  P_ 

7*  A 
12 

84P 


16 
10 

f 

T6_ 

94 

54 


Clouds. 


Cloudy. 
1136  15 


10  A 

174 

12 

13 

8  P 

54 

9  A 

17 

8  P 

6 

74  A 

16 

12 

11 

8  P 

10 
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Hour  of  -n.cm.o- 
I>»r-  meter. 

1732.  Feb.  15. 

H.   /  a 
Clouds. 

H. 

9  A 
12 
8$  P 

18 

13} 

16. 

a 

Cloudy. 
11  32  4 

8  A 
8  P 

14 

7 

17. 

fi 
a 

11   7  34 
11  29  59 

12 
8  P 

12 
64 

Time  of 

Hoar  of  Therm*. 

Tr.rj.lt. 

t>»r-  meter- 

H.    /  „ 

H. 

0 

11  529 

12  12± 

a 

11  27  53 

1732.  Feb.  18. 


The  pendulum  during  this  interval  vi- 
brated about  1°  52'  each  way  from  the  per- 
pendicular. 


Tbe  transits  of  the  stars  over  the  meridian  were  observed  with  a  telescope 
fixed  at  right  angles  to  an  horizontal  axis,  whose  ends  lay  exactly  east  and 
t ;  by  the  turning  of  which  axis  the  line  of  collimation  of  the  telescope 
instantly  directed  in  the  plane  of  the  meridian.  This  instrument  was 
daily  adjusted  to  a  mark  fixed  in  the  meridian  ;  and  in  the  journal,  between 
the  second  and  third  of  February,  the  following  remark  was  made. 


N.  B.  This  day  was  hotter  than  usual,  as  appears  by  the  thermometer ; 
and  the  transit  instrument  had  lost  the  level  a  little ;  but  after  we  had  ad- 
justed it,  it  pointed  exactly  to  our  meridian  mark,  and  therefore  we  are  at  a 
loss  for  the  cause  of  this  difference  in  the  clock. 


From  the  foregoing  table  it  appears  that  the  clock  lost  54'  21"  in  twenty- 
six  revolutions  of  the  stars ;  that  is,  about  2'  5"£  in  one  revolution ;  the 
difference  from  this  medium  somewhat  varying,  upon  account  of  a  greater  or 
less  degree  of  heat  on  different  days. 

The  mean  of  all  the  observed  heights  of  the  thermometer  from  January 
26th,  to  February  18th,  was  about  12£  divisions.  Therefore  the  difference 
between  the  mean  heights  of  the  thermometer  at  Jamaica,  and  London,  dur- 
ing the  intervals  of  the  respective  observations,  was  15  £  divisions ;  the  spirits 
standing  so  much  higher  in  Jamaica,  because  of  the  great  heat  in  that  island. 

That  we  might  be  able  to  judge  how  much  the  different  degrees  of  heat, 
corresponding  to  any  number  of  divisions  upon  this  thermometer,  would  cause 
the  clock  to  go  slower  by  lengthening  its  pendulum,  Mr.  Graham  took  notice 
of  the  lowest  point  to  which  the  spirits  sunk  at  London  in  the  winter,  1731 ; 
and  the  greatest  height  to  which  they  rose  in  the  following  summer ;  and 
comparing  the  motion  of  the  spirits  in  this  thermometer  with  the  alterations 
in  another  made  with  quicksilver,  which  he  has  for  some  years  made  use  of; 
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he  concluded,  that  at  London  the  spirits  in  this  thermometer  would  stand 
(coramunibus  aunis)  above  sixty  divisions  higher  in  summer  than  in  winter. 

By  several  years'  experience,  he  has  likewise  found  that  his  clocks,  (of  the 
same  sort  with  Mr.  Campbell's,)  when  exposed  as  usual  to  the  different  de- 
grees of  heat  and  cold  of  our  climate,  do  not  vary  in  their  motion  above 
twenty-five  or  thirty  seconds  in  a  day. 

From  these  observations  and  experiments  therefore  we  may  reasonably 
conclude,  that  suflicient  allowance  will  be  made  for  the  lengthening  of  the 
pendulum  by  heat,  if  we  suppose  the  clock,  upon  that  account,  to  go  one 
second  in  a  day  slower,  when  the  spirits  of  this  thermometer  stand  two 
divisions  higher,  and  in  the  same  proportion  for  other  heights. 

Admitting  then  that  the  mean  height  of  the  thermometer,  while  the  clock 
was  compared  with  the  stars  at  Jamaica,  exceeded  that  at  London  between 
fifteen  and  twenty  divisions ;  if  we  allow  eight  or  nine  seconds  upon  that 
account,  the  remaining  difference  must  be  wholly  owing  to  the  difference  of 
the  force  of  gravity  in  the  two  places. 

Upon  comparing  the  observations,  it  appears  that  in  one  apparent  revo- 
lution of  the  stars,  the  clock  went  H  6"£  slower  in  Jamaica  than  at  London; 
deducting  therefore  8"£,  on  account  of  the  great  heat  in  Jamaica,  there  re- 
mains a  difference  of  1'  58",  which  must  necessarily  arise  from  the  diminu- 
tion of  gravity,  in  the  place  nearest  the  equator. 

I  have  allowed  the  clock  to  have  lost  somewhat  more,  on  account  of  the 
difference  of  heat,  than  the  mean  heights  of  the  thermometer  may  seem  to 
require,  upon  a  supposition,  that  the  total  heat  of  the  days,  compared  with 
the  cold  of  the  nights,  bears  a  greater  proportion  in  Jamaica  than  London ; 
but  if  that  supposition  be  not  admitted,  then  the  clock  in  Jamaica  must  have 
gone  rather  more  than  1'  58"  in  a  day  slower  than  in  England. 

Mr.  Campbell's  observations  were  made  at  Black-River,  in  18*  north  lati- 
tude. Now  if  we  suppose,  with  sir  Isaac  Newton,  that  the  difference  in  the 
going  of  the  clock  is  owing  to  the  greater  elevation  of  the  parts  of  the  earth 
towards  the  equator,  it  will  follow  from  these  observation*,  and  what  is  deli- 
vered by  him  in  the  twentieth  proposition  of  the  third  book  of  his  Principia, 
that  the  equatorial  diameter  is  to  the  polar  as  190  to  189;  the  difference 
between  them  being  41  £  miles;  which  is  somewhat  greater  than  what  sir 
Isaac  Newton  had  computed  from  his  theory,  upon  the  supposition  of  an 
uniform  density  in  all  the  parts  of  the  earth. 

I  shall  not  enter  into  the  dispute  about  the  figure  of  the  earth,  but  at  pre- 
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sent  suppose,  with  sir  Isaac  Newton,  that  the  increase  of  gravity,  as  we  re- 
cede from  the  equator,  is  nearly  as  the  square  of  the  sine  of  the  latitude ; 
and  that  the  difference  in  the  length  of  pendulums  is  proportional  to  the 
augmentation  or  diminution  of  gravity.  Upon  these  suppositions,  I  collect 
from  the  forementioned  observations,  that  if  the  length  of  a  simple  pendulum 
(that  swings  seconds  at  London)  be  39,126  English  inches,  the  length  of  one 
at  the  equator  would  be  39,00,  and  at  the  poles  39,206.  And  (abstracting 
from  the  alteration  on  account  of  different  degrees  of  heat)  a  pendulum  clock, 
that  would  go  true  time  under  the  equator,  will  gain  3'  48"  £  in  a  day  at  the 
poles ;  but  the  number  of  seconds  which  it  would  gain  in  any  other  latitude 
would  be  to  3'  48"|  nearly  as  the  square  of  the  sine  of  that  latitude  is  to  the 
square  of  the  radius :  from  whence  it  follows,  that  the  number  of  seconds 
which  a  clock  will  lose  in  a  day,  upon  its  removal  to  a  place  nearer- to  the 
equator,  will  be  U>  3'  48"^  nearly  as  the  difference  between  the  squares  of 
the  sines  of  the  latitudes  of  the  two  places  to  the  square  of  the  radius.  Thus 
the  difference  of  the  squares  of  the  sines  of  51*  ^  and  18%  the  latitudes  of 
London  and  Black-River  being  to  the  square  of  the  radius  as  118  to  228  i, 
the  clock  will  go  1'  58"  in  a  day  slower  at  Black-River  than  at  London,  as 
was  found  by  observation. 

It  may  be  hoped  that  Mr.  Campbell's  success  in  this  experiment,  and  the 
little  trouble  there  is  in  making  it,  will  induce  those  gentlemen  who  may 
hereafter  carry  pendulum-clocks  into  distant  countries,  to  attempt  a  repeti- 
tion of  it  after  his  manner ;  that  is,  by  keeping  or  restoring  the  pendulums 
of  their  clocks  to  the  same  length  in  the  different  places,  and  carefully  com- 
paring them  with  the  heavens,  and  at  the  same  time  taking  notice  of  the 
different  degrees  of  heat,  by  means  of  a  thermometer.  From  a  variety  of 
such  experiments  we  should  be  enabled  to  determine  how  far  sir  Isaac  New- 
ton's theory  is  conformable  to  truth,  with  much  greater  certainty  than  from 
those  trials  which  are  made  by  actually  measuring  the  lengths  of  simple 
pendulums;  because  a  difference  of  one  hundredth  part  of  an  inch  in  the 
length  of  a  pendulum  corresponds  to  eleven  seconds  in  a  day;  and  it  being 
easy  to  observe  how  much  a  clock  gains  or  loses  in  a  day,  even  to  a  single 
second,  it  is  certain  that  by  means  of  a  clock,  compared  in  the  manner 
above  mentioned,  we  may  distinguish  a  difference  (in  the  lengths  of  isochro- 
nal pendulums)  of  one  thousandth  part  of  an  inch,  or  less ;  whereas  it  will 
be  scarce  possible  to  measure  their  true  lengths  without  being  liable  to  a 
greater  error  than  that.    Besides,  by  taking  notice  how  much  a  clock  gains 
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or  loses,  upon  the  falling  or  rising  of  a  thermometer,  we  can  better  allow  for 
the  different  degrees  of  heat  in  this,  than  in  the  other  method  of  making  the 
experiment,  by  actual  measurement ;  since  it  may  not  be  easy  to  determine 
how  much  the  measure  itself,  which  we  make  use  of,  will  be  lengthened  by 
different  degrees  of  heat. 

For  these  reasons,  I  esteem  Mr.  Campbell's  experiment  to  be  the  most 
accurate  of  all  that  have  hitherto  been  made,  and  properest  to  determine  the 
difference  of  the  gravity  of  bodies  in  different  latitudes ;  and  therefore  I  shall 
subjoin  a  table  which  I  computed  from  it,  containing  the  difference  of  the 
length  of  a  simple  pendulum  swinging  seconds  at  the  equator,  and  at  every 
fifth  degree  of  latitude,  together  with  the  number  of  seconds  that  a  clock 
would  gain  in  a  day  in  those  several  latitudes,  supposing  it  went  true  when 
under  the  equator ;  by  means  of  which,  any  one  may  readily  compare  other 
the  like  observations  with  his,  and  thereby  discover  whether  the  alteration 
of  gravity  in  all  places  be  uniform,  and  agreeable  to  the  rule  laid  down  by 
sir  Isaac  Newton,  or  not. 


The  latitude  of 
lb*  pine*. 

The   difference  of  Um 
lengib  »f  tbe  peitdulam 
In  iiuru  of  mn  KngJUh 

Inch. 

Serooda  gained  by  ■ 

clock  la  one  d*y. 

The  latitude  of 
tbe  place. 

The  difference  of  the 
length  of  the  pen- 
dulum In  parti  of 
an  hng U»h  mt  b. 

Second*  gained  by  a 
clock  In  «m«  day. 

Inch. 

Ntcoad*. 

■ad* 

Seconds. 

5 

0.001  G 

1.7 

50 

0.1212 

134.0 

10 

0.0062 

6.9 

55 

0.1386 

153.2 

15 

0.0138 

15.3 

60 

0.1549 

1712 

20 

0.0246 

26.7 

65 

0.1696 

187.5 

25 

0.0369 

40.8 

70 

0.1824 

201.6 

30 

0.0516 

57.1 

75 

0.1927 

213.0 

35 

0.0679 

75.1 

80 

0.2003 

221.4 

40 

0.0853 

94.3 

85 

0.2050 

226.5 

45 

0.1033 

114.1 

90 

0.2065 

228.3 

Directions  for  using  the  common  Micrometer. 


[Philosophical  Transactions,  vol.  LXII.  p.  46.] 

MICROMETERS,  as  first  contrived,  being  only  adapted  to  the  measuring 
.small  angles,  as  the  diameters  of  the  sun  and  moon,  or  other  planets,  and 
taking  the  distance  of  such  objects  as  appeared  within  the  aperture  of  the 
telescope  at  the  same  time,  were  not  of  so  general  use  as  those  which  are 
contrived  not  only  to  answer  the  ends  that  the  first  inventors  aimed  at,  but 
likewise  to  take  the  difference  of  right  ascension  and  declination  of  such 
objects  as  are  farther  asunder  than  the  telescope  will  take  in  at  once,  but 
which  pass  through  the  aperture  of  it  at  different  times.  Mr.  Cassini  first 
made  use  of  threads,  intersecting  one  another  at  half  right  angles,  for  deter- 
mining the  difference  of  right  ascensions  and  declinations  of  objects  near  the 
same  parallel ;  and  this  apparatus,  being  simple  and  easily  procured,  is  of 
very  great  use  to  such  as  are  not  provided  with  a  micrometer  made  accord- 
ing to  the  late  improvements.  But,  where  such  a  oue  is  at  hand,  that 
method,  however  curious,  need  not  be  made  use  of,  the  micrometer  serving 
for  the  same  purpose  with  greater  exactness.  It  was  for  this  reason  indeed 
that  the  late  alteration  in  the  form  of  the  micrometer  was  made,  they  being 
before  not  so  convenient  for  making  such  sort  of  observations,  both  hairs 
being  usually  moveable,  and  no  provision  being  made  for  setting  the  hairs 
parallel  to  the  diurnal  motion  of  the  objects  to  be  observed;  both  which 
inconveniences  are  avoided  in  the  present  micrometers. 

The  micrometer,  as  now  contrived,  is  not  only  of  use  in  measuring  small 
angles  or  distances  between  such  objects  as  appear  within  the  aperture  of 
the  telescope  at  the  same  time,  but  likewise  in  taking  the  difference  of  right 
ascension  and  declination  between  stars  and  planets,  &c.  which  in  their 
apparent  diurnal  motion  follow  one  another  through  the  telescope,  if  kept 
in  the  same  situation.  In  making  the  first  kind  of  observations,  turn  the 
short  tube  which  carries  the  eyeglass  and  micrometer,  &c.  till  the  cross 
thread  (or  that  which  cuts  the  parallel  threads  at  right  angles)  lies  parallel 
to  a  line  passing  through  the  objects  whose  distance  is  to  be  measured,  and 
then,  by  raising  or  depressing  the  telescope  by  help  of  the  stand,  bring  the 
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objects  to  appear  upon  or  near  the  cross  thread,  and  one  of  them  just  to 
touch  the  fixed  parallel  thread ;  then  turn  the  index  of  the  micrometer  till 
the  moveable  thread  touches  the  other  object,  and  the  number  of  revolutions 
and  parts  of  a  revolution  shewn  by  the  index,  turned  into  minutes  and  seconds 
by  the  table  made  as  hereafter  directed,  will  be  the  apparent  angular  distance 
of  those  objects.  It  is  here  supposed,  that  the  threads  exactly  close,  so  as  to 
touch  each  other  when  the  index  stands  at  the  beginning  of  the  divisions : 
for  if  they  do  not,  there  must  be  an  allowance  made  in  every  observation ; 
to  avoid  which,  it  is  always  best  to  adjust  the  threads  to  the  beginning  of 
the  divisions  when  they  are  first  put  on ;  for  which  purpose,  the  holes  in  the 
little  plate  which  carries  the  moveable  thread  are  made  oblong,  to  give  room 
to  move  it  as  occasion  requires,  before  it  is  pinched  hard  by  the  small  screws 
which  fasten  it  to  the  moveable  arm,  through  which  the  long  screw  passes. 
The  other  parallel  thread,  which  I  call  the  fixed  one,  must  be  first  adjusted 
by  setting  its  edge  exactly  over  the  two  marks  made  on  each  side  the  short 
diameter  of  the  aperture  in  the  broad  plates,  and  the  cross  thread  must  be 
likewise  set  to  agree  with  the  strokes  made  on  each  side  the  longest  diame- 
ter, and  then  the  intersection  of  the  cross  thread,  and  the  fixed  parallel  one, 
will  be  the  centre  of  the  motion  given  to  the  outer  plate  of  the  micrometer 
(to  which  the  great  screw  index  and  threads  are  fastened)  by  the  worm,  by 
turning  of  which,  the  fixed  parallel  thread  may  easily  be  made  to  lie  parallel 
to  the  apparent  motion  of  any  object,  in  order  to  take  the  difference  of  de- 
clination and  right  ascension  from  any  other  that  follows  through  the  aper- 
ture of  the  telescope. 

This  contrivance  is  of  very  great  use  to  make  a  star,  &c.  move  true  along 
the  fixed  parallel  thread,  which  is  absolutely  necessary,  in  order  to  take  the 
true  difference  of  right  ascension  and  declination  between  it  and  any  other 
that  follows.  Without  this  contrivance,  it  is  very  difficult  to  make  a  star 
move  exactly  upon  the  thread,  and  it  can  only  be  done  by  repeated  trials, 
which  may  sometimes  take  up  a  great  deal  of  time. 

If  therefore  a  star  is  made  to  move  on  the  parallel  thread  just  at  the  cross, 
and  (the  telescope  continuing  fixed  in  the  same  position)  it  is  afterwards 
near  its  going  out  of  the  aperture  found  not  to  be  upon  the  thread,  that 
must  then  be  brought  to  the  star  by  the  help  of  the  worm,  and  then  the 
thread  will  lie  parallel  to  the  diurnal  motion  of  the  star  in  that  part  of  the 
heavens,  and  consequently  the  cross  thread  will  represent  a  meridian,  and 
the  others  parallels  of  declinations,  and  the  difference  of  time  between  the 
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passage  of  the  star  at  the  cross  wire,  (which  was  made  to  move  along  the 
thread,)  and  the  transit  of  any  other  star,  &c.  over  the  cross  thread  which 
represents  a  meridian,  turned  into  degrees  and  minutes,  will  give  the  differ- 
ence of  right  ascension.  And,  if  the  moveable  parallel  thread  be  brought,  by 
turning  the  index,  to  touch  the  other  star  about  the  time  of  its  passage  over 
the  cross  thread,  then  the  number  of  revolutions  and  parts  shewn  by  the  ' 
index,  (turned  into  minutes  and  seconds  of  a  degree  by  the  table,)  will  be 
the  difference  of  declination  between  the  two  stars.  If  the  star  is  made  to 
pass  along  the  fixed  thread,  so  as  to  seem  perfectly  bisected,  there  must  be 
an  allowance  made  for  the  semidiameter  of  the  thread  or  wire,  because  I 
suppose  the  index  to  be  adjusted  as  before,  to  the  inner  edges  of  the  wires ; 
but  it  may,  if  it  is  found  convenient,  be  adjusted  to  the  middle  of  the  threads, 
or  else  correction  may  be  made  in  the  observed  distance. 

In  taking  any  angle,  it  is  convenient  that  each  of  the  parallel  threads  be 
about  the  same  distance  from  the  middle  of  the  aperture  of  the  eyeglass ; 
and  for  this  reason,  the  whole  micrometer  is  contrived  to  slide  to  and  fro,  as 
the  case  requires.  The  same  motion  is  also  of  use  in  taking  the  difference 
of  right  ascension  and  declination,  by  sliding  the  fixed  parallel  thread  (on 
which  the  preceding  star  is  brought  to  move)  towards  one  side  of  the  eye- 
glass; for  by  that  means  a  greater  angle  may  be  taken  in  between  the 
parallel  threads,  if  need  be.  And  it  must  always  be  remembered,  that  the 
moveable  parallel  thread  should  be  set  either  north  or  south  of  the  other, 
according  as  the  following  star  is  expected  to  be  really  south  or  north  of  the 
preceding. 

In  making  an  observation,  either  the  inner  or  the  outer  edges,  or  the  mid- 
dle of  the  wires,  may  be  brought  to  touch  the  objects ;  but  then,  it  must  be 
remembered  to  allow  something  for  the  thickness  of  the  wire,  in  case  the 
observation  be  not  made  from  that  part  to  which  the  index  is  adjusted.  In 
observing  the  diameters  of  the  sun,  moon,  or  planets,  it  may  perhaps  be  most 
convenient  to  make  use  of  the  outer  edges  of  the  threads,  because  they  will 
appear  most  distinct  when  quite  within  the  limb  of  the  planet,  &c;  but  if 
there  should  be  any  sensible  inflection  of  the  rays  of  light  in  passing  by  the 
wires,  this  would  be  best  avoided  by  using  the  inner  edge  of  one  wire,  and 
the  outer  edge  of  the  other.  And  in  taking  the  distance  or  difference  of 
declination  between  two  stars,  &c.  the  middle  of  the  threads  may  perhaps  be 
most  convenient :  but,  however  the  observation  is  made,  due  correction  must 
be  allowed  for  the  thickness  of  the  wire,  if  requisite. 
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The  difference  of  declination  of  two  stars,  &c.  may  be  observed  with  great 
exactness,  because  the  motion  of  the  stars  is  parallel  to  the  threads ;  but  in 
taking  any  other  distance,  the  motion  of  the  stars  being  oblique  to  them  is 
a  great  impediment,  because  if  one  star  l>e  brought  to  one  thread,  before  the 
eye  can  be  directed  so  as  to  judge  how  the  other  thread  agrees  to  the  other 
star,  the  former  must  be  somewhat  removed  from  its  thread,  so  that  in  this 
sort  of  observations  the  best  way  of  judging  when  the  threads  are  at  the 
proper  distance  is  by  frequently  moving  the  eye  backwards  and  forwards 
from  one  to  the  other :  this  method  must  chiefly  be  made  use  of  when  the 
distance  of  the  objects  is  pretty  large,  and  the  motion  or  rolling  of  the  eye 
great. 

The  micrometer  is  so  contrived,  that  it  may  be  applied  to  telescopes  of 
different  lengths;  but  then  there  must  be  a  table  for  each  telescope,  by 
which  the  revolutions  of  the  screw  may  be  turned  into  minutes  and  seconds 
of  a  degree.  In  order  to  this,  it  is  necessary  that  the  threads  of  the  micro- 
meter  should  be  placed  exactly  in  the  common  focus  of  the  object-glass  and 
eyeglass,  that  is,  where  the  images  of  objects  seen  through  the  telescope  are 
distinctly  formed.  The  readiest  way  of  doing  this  is,  first  to  slide  the  mi- 
crometer into  the  grooves  fixed  to  the  short  brass  tube  which  carries  the 
whole  apparatus  of  eyeglass,  &c,  and  then  to  draw  the  eyeglass  out  by 
means  of  its  sliding  work,  till  the  threads  of  the  micrometer  are  in  its  focus, 
which  is  known  by  their  appearing  most  distinct,  &c;  then  thrust  the  short 
tube  before-mentioned  into  its  proper  place,  as  far  as  the  shoulders  of  the 
brass  work  will  admit,  and  place  the  object-glass  in  its  cell,  and  looking 
through  the  telescope  at  some  very  distant  object,  slide  the  wooden  tube  in 
or  out  till  you  make  the  object  appear  most  distinct,  or  till  it  has  the  least 
motion  upon  the  threads  when  the  eye  is  moved  to  and  fro ;  for  then  the 
threads  of  the  micrometer  will  be  in  the  common  focus  of  both  glasses,  and 
that  will  be  the  proper  distance  that  the  object-glass  ought  always  to  be  at 
from  the  threads;  and  there  should  be  made  some  mark  or  catch  in  the 
wooden  tube,  in  order  to  set  it  always  at  the  same  distance. 

The  proper  distance  of  the  threads  from  the  object-glass  being  thus  settled, 
the  table  for  turning  the  revolutions,  &c.  of  the  screw  into  angles  or  minutes 
and  seconds  of  a  degree,  may  be  made  several  ways ;  but  as  good  and  easy  a 
method  as  any  is  carefully  to  measure  how  many  inches  and  parts  of  an 
inch  the  object-glass  is  distant  from  the  threads,  and  with  the  same  scale  to 
find  also  how  many  inches  and  parts  of  an  inch  an  hundred  revolutions 
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or  threads  of  the  screw  of  the  micrometer  are  equal  to:  then,  making  the 
first  distance  radius,  the  last  will  be  the  sine  or  tangent  of  an  angle  answer- 
ing to  one  hundred  revolutions.  And  haviug  the  angle  answering  to  one 
hundred  revolutions,  the  angle  for  any  other  number  will  be  easily  known 
and  set  down  in  the  table,  as  also  the  parts  of  a  revolution ;  for  in  small 
angles,  such  as  can  be  observed  with  the  micrometer,  their  sines,  tangents, 
or  chords,  are  nearly  in  the  same  proportion  with  the  angles  themselves.  The 
distance  before-mentioned,  (to  be  used  as  radius,)  ought  strictly  to  be  taken 
from  the  threads  to  a  point  within  the  object-glass,  alwuit  one  third  of  its 
thickness  from  that  surface  which  is  towards  the  wires,  if  the  glass  be,  as 
usual,  equally  convex  on  both  sides ;  but  if  the  focus  of  the  object-glass  is 
pretty  long,  and  its  thickness  not  great,  the  error  that  can  arise  by  measur- 
ing from  any  part  of  the  object-glass  will  become  insensible  as  to  the  altera- 
tion in  the  angle. 

The  table  for  the  micrometer  may  likewise  be  made  by  setting  up  two 
marks  at  a  distance  on  the  ground,  and  observing  with  the  micrometer  the 
revolutions,  &c.  which  they  subtend  when  seen  through  the  telescope,  and 
then  computing  the  angles  those  objects  subtend  at  the  object-glass,  by  mea- 
suring their  distance  from  each  other  and  from  the  object-glass.  The  like 
may  also  be  done  by  opening  the  threads  to  any  number  of  revolutions,  and 
then  making  a  star  move  exactly  upon  the  perpendicular  thread,  and  noting 
the  time  it  is  passing  from  one  parallel  thread  to  the  other ;  for  that  time 
turned  into  minutes  and  seconds  of  a  degree,  by  allowing  for  the  star's  de- 
clination and  going  of  the  clock,  &c.  will  be  the  angle  answering  to  the 
number  of  revolutions ;  from  which  the  whole  table  may  be  made.  This 
method  perhaps  might  be  most  advantageously  practised  in  stars  near  the 
pole,  where  the  apparent  motion  being  slow  a  second  in  time  will  answer  to 
a  much  smaller  angle  than  towards  the  equator.  But  I  believe,  upon  trial, 
the  first  method  will  be  found  most  easy  and  practicable,  especially  if  the 
scale  made  use  of  be  weU  divided. 
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Extracts  from  Dr.  Maskelyne's  Observations  on  the  Latitude  and 
Longitude  of  the  Royal  Observatory  at  Greenteieh. 


[Philosophical  Transactions,  vol.  LXXVII.  p.  154.] 

DR.  BRADLEY  having  been  furnished  by  Government  in  the  year  1750 
with  a  brass  mural  quadrant  of  eight  feet  radius,  constructed  by  that  excel- 
lent artist  Mr.  John  Bird,  an  instrument  far  superior  to  any  before  used  in 
the  practice  of  astronomy,  assiduously  observed  the  pole  star  and  other  stars 
lying  to  the  north  of  the  zenith  with  it  for  upwards  of  three  years,  and  then 
removed  it  to  the  opposite  side  of  the  wall,  making  it  change  place  with  the 
iron  quadrant  of  the  same  radius  constructed  by  Mr.  Graham,  likewise  an 
excellent  instrument,  though  inferior  to  this,  and  commenced  a  regular  series 
of  observations  of  the  sun,  planets,  and  fixed  stars,  which  have  been  ever 
since  continued  in  the  same  manner.  Moreover,  the  temperature  of  the  air, 
shewn  by  the  barometer  and  thermometer,  is  affixed  to  each  observation ; 
and  the  zenith  point  of  the  quadrant  settled  from  time  to  time  by  the  help  of 
a  zenith  sector  of  12  J  feet  radius,  turned  alternately  contrary  ways,  the 
same  with  which  Dr.  Bradley  had  before  made  his  two  useful  and  admirable 
discoveries  of  the  aberration  of  light  and  the  nutation  of  the  earth's  axis. 

By  the  observations  of  the  pole  star  and  other  circumpolar  stars,  above 
and  below  the  pole,  Dr.  Bradley  got  the  apparent  zenith  distance  of  the  pole; 
by  the  apparent  and  equal  zenith  distances  of  the  sun  at  the  two  equinoxes, 
having  at  the  same  time  opposite  right  ascensions,  as  found  from  comparing 
his  observed  transits  over  the  meridian  with  those  of  fixed  stars,  after  the 
manner  used  by  Mr.  Flamsteed  for  deducing  the  right  ascensions  of  the  fixed 
stars,  he  found  the  apparent  zenith  distance  of  the  equator,  which  lessened 
by  parallax  and  added  to  the  apparent  zenith  distance  of  the  pole  gave  a 
sum  less  than  90"  by  the  sum  of  the  two  refractions  belonging  to  the  pole 
and  meridian  zenith  distance  of  the  equator.  But  he  remarked,  that  the 
difference  of  refractions,  belouging  to  these  zenith  distances,  would  come  out 
the  same  within  2"  or  8"  by  any  of  the  best  tables  then  extant,  whether  de- 
duced solely  from  observations,  or  partly  from  observations  and  partly  from 
theory.  The  sum  and  difference  of  refractions  answering  to  the  pole  and 
equator  being  thus  given,  the  refractions  themselves  are  given,  the  greater  of 
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which  added  to  the  apparent  zenith  distance  of  the  equator  gives  the  latitude 
of  the  place,  and  the  less  refraction  added  to  the  apparent  zenith  distance  of 
the  pole  gives  the  co-latitude. 

He  afterwards,  from  the  consideration  that  the  refractions  at  the  pole  and 
equator  may  be  taken  without  sensible  error  as  the  tangents  of  the  zenith 
distances,  according  to  Mr.  Thomas  Simpson's  theory  of  refractions  in  his 
Mathematical  Dissertations,  divided  more  accurately  the  sum  of  the  refrac- 
tions at  the  pole  and  the  equator  into  the  just  parts  answering  to  each  zenith 
distance,  and  thereby  found  the  latitude  with  more  exactness.  In  this  man- 
ner he  found  the  latitude  of  the  Royal  Observatory  to  be  51°  28'  39 and 
the  mean  refraction  at  45°  3'  to  be  57",  the  barometer  standing  at  29,6 
inches,  and  the  thermometer  of  Fahrenheit's  scale  at  50°. 

But,  not  to  let  a  matter  of  so  much  consequence  rest  on  my  assertion  or 
memory,  when  further  proof  can  be  given  of  it,  I  have  by  me,  in  the  hand- 
writing of  Dr.  Bradley,  among  other  particulars,  his  calculations  of  the  lati- 
tude of  the  Observatory  from  his  olwervations,  according  to  the  manner 
above  explained;  iu  which  he  first  states  it  at  SI*  28'  38",  and  finally  more 
correctly  in  these  words.  "  The  apparent  zenith  distance  of  the  equator, 
"  by  the  mean  of  twenty  observations  in  1746-47,  51°  27'  28".  The  mean 
"  apj>arent  distance  of  the  pole,  by  the  observations  made  between  1750-52, 
•«  38°  30'  35".  Sum  89°  58'  3".  Sum  of  refractions  1'  57".  Polar  refraction 
"  (f  45"J.  Equatorial  refraction  1'  11"£.  Latitude  51°  28'  39"£.  Co-latitude 
"  38°  31'  20'£." 

The  latitude  of  the  Observatory  being  thus  settled,  as  well  as  the  quantity 
of  refractions  for  all  stars  passing  the  meridian  between  the  pole  and  the 
equator,  Dr.  Bradley  readily  inferred  from  his  observations  the  true  distance 
of  all  such  stars  from  the  north  pole,  which,  compared  with  their  zenith 
distances  observed  below  the  pole,  gave  the  refractions  at  those  lower  alti- 
tudes. Finally,  by  comparing  the  refractions  together  observed  in  extreme 
degrees  of  heat  and  cold,  he  deduced  the  law  of  their  variation  as  affected  by 
heat  and  cold ;  and  thus  at  length  he  inferred  his  elegant  rule  for  determin- 
ing the  refraction  in  all  circumstances,  that  it  is  to  57",  in  the  direct  com- 
pound ratio  of  the  tangent  of  the  apparent  zenith  distance  lessened  by  three 
times  the  refraction  to  the  radius,  and  of  the  height  of  the  barometer  in 
inches  to  29,6  inches,  and  in  the  inverse  ratio  of  the  degree  of  height  of 
Fahrenheit's  thermometer  increased  by  350  to  400. 

But  it  may  be  proper  to  confirm  this  rale  for  refractions  also  from  the 
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same  manuscript  of  Dr.  Bradley,  which  I  before  cited  for  confirming  the  lati- 
tude, by  the  following  passage,  which  immediately  follows  the  other.  "  Sup- 
"  pose  the  mean  refraction  at  45"  3'  =  57",  and  y  =  S50;  then 
"y  +  t:  bar.  ::  77"  :  refr.  at  45'  3'. 

"  Rad.  :  tan.  ZD  ::  3' :  m  Rad.  :  tan.  ZD -m  ::  refr.  at  45°  3'  :  r 

"  [the  refraction  required]."  It  is  easy  to  see  that  this  rule  agrees  with  the 
other:  for  putting  t  =  50,  and  barometer  =  29,6,  the  first  analogy,  putting  - 
the  barometer  down  in  tenths  of  an  inch,  is  350  +  50  =  400  :  896  ::  77*: 
508  for  the  refraction  at  45'  3',  or  57"  within  ,ieth  of  a  second.  The 
second  analogy  serves  to  give  the  treble  refraction  nearly,  called  *».  Whence 
it  is  evident,  the  last  analogy  coincides  with  the  rule  above  given. 

For  further  confirmation  of  the  certainty  of  the  astronomical  refractions, 
and  latitude  of  the  Observatory,  as  settled  by  Dr.  Bradley,  it  may  be  proper 
to  add,  that  the  Greenwich  brass  mural  quadrant  underwent  a  trial,  which 
all  astronomical  instruments  ought  to  be  submitted  to,  but  which  very  few 
ever  have  been,  on  account  of  the  difficulty  and  nicety  of  the  operation, 
namely,  an  examination  of  the  total  arc ;  when  it  was  found  by  Dr.  Bradley 
to  be  an  accurate  quadrant,  the  arc  appearing  at  one  trial  to  differ  only  a 
fraction  of  a  second  from  90°,  and  another  time,  after  an  interval  of  above 
six  years,  to  be  a  perfect  quadrant.  See  p.  24.  of  Bird's  Method  of  construct- 
ing Mural  Quadrauts,  published  by  the  Board  of  Longitude  in  1768.  In 
like  manner  he  had  before  examined  the  total  arc  of  the  iron  quadrant,  first 
put  up  by  Mr.  Graham,  for  the  use  of  Dr.  Halley,  in  the  year  1725,  by 
means  of  a  level,  and  found  it  to  be  16"  less  than  a  quadrant.  See  Bird's 
Method  of  constructing  Mural  Quadrants,  p.  7.  and  Memoirs  of  the  Royal 
Academy  of  Sciences  at  Paris,  for  1752,  p.  424.  But  this  quadrant  was,  in 
the  year  1753,  re-divided  by  Mr.  Bird,  and,  in  this  respect,  probably  ren- 
dered as  accurate  as  the  other.  See  Bird's  Method  of  constructing  Mural 
Quadrants,  p.  24. 

Dr.  Bradley  made  a  curious  use  of  the  new  set  of  divisions,  soon  after 
they  were  laid  upon  the  quadrant,  to  re-examine  the  error  of  the  total  arc 
laid  down  originally  by  Mr.  Graham  (which  by  the  plumb-line  and  level  he 
had  found  to  be  16"  less  than  a  quadrant  in  1745)  according  to  the  following 
passage  contained  in  the  manuscript  before  cited. 
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"  August  12,  1758,  I  measured  with  the  screw  of  my  micrometer  the 
"  difference  of  the  arcs  (of  £»)  as  set  off  by  Mr.  Graham  originally,  and  by 
"  Mr.  Bird  when  he  put  on  a  new  set  of  divisions  upon  the  old  quadrant, 
«  and  I  found  that  Mr.  Graham  s  arc  was  less  than  Mr.  Bird's  by  &  divisions 
"  of  my  micrometer,  which  to  a  radius  of  96  inches  answers  to  10",6;  so 
"  that  the  whole  arc  of  96  differs  from  a  true  quadrant  15",9,  which  is  the 
"  same  difference  that  I  formerly  found  by  means  of  the  level,  &c." 

Let  me  further  add,  that  Dr.  Bradley  had  informed  me,  that  he  had  found 
the  same  refractions,  latitude  of  the  Observatory,  and  obliquity  of  the  ecliptic, 
by  both  quadrants,  making  a  proportionable  allowance,  in  the  use  of  the 
iron  quadrant,  for  the  error  of  16"  in  the  total  arc  in  proportion  to  the 
zenith  distance  of  the  object  before  it  was  new  divided. 

The  reverend  Dr.  Hornsby,  F.  R.  8.  Savilian  professor  of  astronomy  at 
Oxford,  to  whose  care  Dr.  Bradley's  original  observations  have  been  com- 
mitted, in  order  to  their  being  printed  and  published,  having  favoured  me 
with  calculations  of  the  latitude  of  the  Royal  Observatory  from  observations 
of  the  pole  star  made  with  both  quadrants,  from  a  manuscript  of  Dr.  Brad- 
ley, I  think  it  proper  to  give  it  a  place  here,  not  only  as  a  very  curious 
paper,  but  also  as  strongly  confirming  the  latitude  of  this  place  before  stated. 

Transcribed  from  a  loose  paper  of  Dr.  Bradley. 

"  The  mean  zenith  distances  of  the  jwle  star  above  and  below  the  pole, 
"  corrected  by  refraction,  aberration,  &c.  and  reduced  to  January  1751, 
"  O.  St.  as  collected  from  the  observations  made  after  the  new  quadrant  was 
"  balanced,  November  24,  1750. 


Numb«olol»- 

Abore  tbe  pole. 

Number  of  ob- 
serratiom. 

to 

28 
22 
23 
19 
28 
9 

36  29  46,66 
45,42 
45,13 
44,63 
45,00 
44,59 

8 
26 
27 
28 
23 

8 

40  33  2,95 
3,37 
2,14 
1,67 
1,74 
1,54 

Jan.  15, 1751 
Aug.  27,  1751 
May    4,  1752 
Nov.  10,  1752 
May  31,  1753 
July  26,  17.53 

124 

36  29  45,24 

120 

40  33  2,24 
36  29  45,24 

77    2  47,48 
38  31  23,74 
Error  of  coUimation   1,74 


Co-latitude     38  31  22,  0 
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Collimatkm 


o       /  ft 

77    1  15,8_ 

88  30  37,9  ]  Refraction. 

1,4      42"  + 
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4   3  174 

*  1  39— the  mean  distance 
from  mean  pole,  Jan.  1751. 


The  apparent  zenith  distance  of  the  pole,  by  the  mean  of  310  observa- 


Latitude   51  28 


38  30  36  allowing-  2"  for  the  error  of  the  line  of  collimation. 
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Co-lat.  38  31  214  by  the  new  quadrant. 
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Apparent  zenith  distances  of  the  pole  observed 
with  the  iron  quadrant. 
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So  far  the  manuscript. 
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Thus  the  latitude  by  the  brass  quadrant  being  51°  SR'  38"£,  and  by  the 
iron  quadrant  with  new  divisions  51°  28'  41"^,  the  mean  by  both  quadrants 
is  51"  28*  40",  or  only  half  a  second  greater  than  settled  in  another  manner, 
according  to  the  manuscript  of  Dr.  Bradley  in  my  possession.  Also  the 
apparent  zenith  distance  of  the  pole  with  the  mean  refraction  45",4  being 
38"  30'  36",1  by  the  brass  quadrant,  and  38°  SO'  33",1  by  the  iron  quadrant, 
the  mean  by  both  is  38°  30'  S4",6,  or  only  Aths  of  a  second  less  than  by 
Dr.  Bradley's  manuscript  cited  before. 
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The  reverend  Mr.  James  Bradley's  Observations  on  his  Tables  of 

Jupiter's  Satellites. 

[From  the  precepts  to  Hallcy's  Tables.] 

I X  these  tables  we  have  determined  the  mean  motions  of  the  satellites,  by 
comparing  such  of  the  oldest  observations  we  could  procure,  as  seemed  to  be 
the  most  accurate,  with  our  own  lately  taken  at  Wansted ;  when  Jupiter, 
after  four  revolutions,  was  nearly  in  the  same  place  in  his  orbit.  But  com- 
paring in  like  manner  the  observations  at  the  distances  of  one,  two,  and 
three  revolutions  of  Jupiter,  we  have  sometimes  found  very  remarkable 
differences  in  the  motions  of  the  three  inferior  satellites,  especially  in  that  of 
the  second,  or  next  but  one  to  Jupiter. 

It  is  not  yet  certain  whether  these  inequalities  do  not  in  part  arise  from 
the  excentricitie8  of  their  orbits,  and  the  motion  of  their  apsides ;  but  by 
what  we  can  collect  from  the  motions  of  the  second  satellite,  it  is  probable 
they  may  be  occasioned  by  the  mutual  action  of  the  satellites  on  each  other : 
for  sometimes  the  motion  of  this  satellite  does  in  so  short  a  time  vary  so 
considerably  from  its  mean,  that  a  small  excentricity  will  not  account  for  it ; 
while  on  the  other  hand,  the  rest  of  the  observations  will  not  allow  a  great 
one.  As  far  as  we  can  hitherto  find,  the  period  of  these  errors  nearly 
answers  to  the  time  the  three  inferior  satellites  take  in  returning  to  the 
same  situation  with  respect  to  each  other,  and  to  the  axis  of  the  shadow  of 
Jupiter,  which  is  437  days,  or  after  123  revolutions  of  the  second  satellite. 
After  this  period,  the  like  errors  return,  nearly  in  the  same  order :  but  in 
the  intermediate  time,  that  is,  after  sixty  revolutions,  this  satellite  will  de- 
al 


Digitized  by  Google 


82 


JUPITER'S  SATELLITES. 


viate  ten,  twenty,  thirty,  and  even  sometimes  forty  minutes  of  time  from  its 
rate  of  motion  during  the  seven  preceding,  or  the  seven  following  months. 
Now  because  the  satellites  are  not  found  in  the  same  place  in  the  heavens 
after  the  aforesaid  period  is  completed,  it  is  possible  these  errors  may  vary 
somewhat  on  that  account.  And  if  the  orbit  of  this  satellite  be  likewise 
excentric,  as  the  late  observations  seem  to  make  it,  the  inequalities  arising 
from  both  causes  must  be  very  intricate,  and  not  easily  to  be  separated  by 
observation  alone. 

The  errors  of  the  first  and  third  satellite  are  not  so  great,  but  seem  to 
arise  from  the  same  causes ;  for  they  do  not  depend  wholly  on  the  excen- 
tricity.  We  have  also  remarked  a  sensible  difference  between  the  durations 
of  the  eclipses  of  the  first,  made  at  the  different  nodes,  which  were  alternately 
longer  and  shorter;  that  is  to  say,  the  durations  of  the  eclipses  at  the  de- 
scending node  in  Leo,  in  the  year  168J,  169t,  and  1718,  were  at  least  2h. 
20';  whereas  at  the  ascending  node  in  Aquarius,  in  the  years  1677,  1689, 
they  did  not  exceed  2h.  14';  as  it  plainly  appeared  by  comparing  many 
observations  of  such  immersions  and  emersions  as  were  as  near  together  as 
could  be  got.  And  it  is  manifest  this  difference  did  not  arise  wholly  from 
the  excentricity  of  the  orbit,  if  it  have  any ;  but  to  what  cause  it  is  owing 
we  are  hitherto  ignorant.  In  the  mean  while,  till  we  can  get  more  light  in 
this  matter  from  future  observations,  it  were  to  be  wished  that  some  geome- 
ter, in  imitation  of  the  great  Newton,  would  apply  himself  to  the  investi- 
gating these  irregularities,  from  the  certain  and  demonstrative  principles  of 
gravity. 

From  the  observations  we  have  of  the  fourth  satellite,  it  is  certain  that  its 
orbit  is  elliptical :  and  all  our  late  observations  are  truly  represented  by  sup- 
posing its  greatest  equation  equal  to  that  of  the  planet  Venus,  or  48';  and 
that  its  higher  apsis  was  in  X  8°  00',  at  the  beginning  of  the  year  1717. 
On  comparing  this  hypothesis  with  the  older  observations  of  the  years  1671, 
1676,  and  1677,  the  computations  were  found  to  differ  greatly  from  the 
observations.  But  putting  back  the  apsis  to  ~  14°  00'  at  the  beginning  of 
the  year  1677,  those  differences  almost  all  vanished.  Allowing  it  therefore 
an  equable  motion  of  6°  forward  in  ten  years,  the  hypothesis  was  found  to 
agree  with  the  intermediate  observations,  for  which  reason  we  have  followed 
it  in  our  tables.  And  we  find  our  numbers  every  where  to  agree  with  the 
heavens  (except  only  two  observations,  both  justly  to  be  suspected)  within 
the  sixth  part  of  a  degree. 
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Our  table  of  the  equation  of  light  is  made  ou  a  supposition  that  the  rays 
pass  equably  over  a  space  equal  to  the  diameter  of  the  earth's  orbit  in  four- 
teen minutes  of  time,  and  it  answers  to  all  distances  of  Jupiter  from  the 
earth,  when  Jupiter  is  nearest  to  the  sun.  But  as  the  distance  of  this  planet 
from  the  sun,  when  in  its  aphelion,  is  greater  than  its  nearest  distance  by 
one  fourth  of  the  diameter  of  the  earth's  orbit,  we  found  it  necessary  to  add 
another  table  for  the  correction  of  these  equations. 

As  to  the  latitudes  of  the  satellites,  it  is  certain  from  the  late  observations, 
that  the  nodes  of  the  fourth  are  at  this  time  in  ll£  degrees  of  Aquarius  and 
Leo ;  and  that  those  of  the  third  lie  very  near  them.  We  have  therefore 
assigned  the  same  places  to  those  of  the  two  inferior  satellites,  not  having 
yet  found  any  thing  from  our  observations  to  the  contrary.  And  if  the 
nodes  of  the  satellites  were  forty  years  ago  in  the  fifteenth  degree  of  Aqua- 
rius and  Leo,  where  Cassini  places  them,  (whose  authority  in  this  matter  is 
of  the  greatest  weight.)  they  will  appear  to  have  gone  back  about  one  degree 
in  each  revolution  of  Jupiter.  We  have  retained  Cassini's  inclination  of  the 
orbits  of  the  three  inferior  satellites  to  the  plane  of  the  orbit  of  Jupiter, 
2'  55';  but  we  find  the  inclination  of  the  orbit  of  the  fourth  to  be  somewhat 
less,  that  is  to  say,  2°  42'.  It  is  certainly  a  very  difficult  matter  to  determine 
accurately  the  situation  of  circles  so  extremely  small,  nor  is  it  to  be  under- 
taken without  exquisite  telescopes. 
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To  Mr.  Cleveland,  Secretary  of  the  Admiralty. 
[Mayer's  Tables,  p.  cix.] 

Greenwich,  Feb.  10, 1756. 

SIR, 

I  HAD  the  honour  of  receiving  your  letter  dated  December  I,  1755,  to- 
gether with  the  theory  and  tables  of  the  moon's  motions  and  other  papers 
relating  to  the  method  of  finding  the  longitude  at  sea,  which  had  been  laid 
before  the  lords  commissioners  of  the  admiralty,  by  Mr.  Professor  Mayer,  of 
the  university  of  Gottingen. 

In  obedience  to  their  lordships'  commands  I  have  examined  the  same,  and 
carefully  compared  several  observations  that  have  been  made  (during  the 
last  five  years)  at  the  Royal  Observatory  at  Greenwich,  with  the  places  of 
the  moon  computed  by  the  said  tables :  in  more  than  230  comparisons  which 
I  have  already  made,  I  did  not  find  any  difference  so  great  as  l'\  between 
the  observed  longitude  of  the  moon  and  that  which  I  computed  by  the 
tables ;  and  although  the  greatest  difference  which  occurred  is,  in  fact,  but 
a  .small  quantity,  yet  as  it  ought  to  be  considered  as  arising  partly  from  the 
error  of  the  observations  and  partly  from  the  error  of  the  tables,  it  seems 
probable,  that  during  this  interval  of  time,  the  tables  generally  gave  the 
moon's  place  true  within  one  minute  of  a  degree. 

A  more  general  comparison  may  perhaps  discover  larger  errors ;  but  those 
which  I  have  hitherto  met  with  being  so  small  that  even  the  biggest  could 
occasion  an  error  of  but  little  more  than  half  a  degree  in  longitude,  it  may 
be  hoped  that  the  tables  of  the  moon's  motions  are  exact  enough  for  the 
purpose  of  finding  at  sea  the  longitude  of  a  ship,  provided  that  the  observa- 
tions that  are  necessary  to  be  made  on  shipboard  can  be  taken  with  sufficient 
exactness. 

Tin-  method  of  finding  the  longitude  of  a  ship  at  sea  by  the  moon  hath 
often  been  proposed,  but  the  defects  of  the  lunar  tables  have  hitherto  ren- 
dered it  so  very  imperfect  and  precarious,  that  few  persons  have  attempted 
to  put  it  into  practice ;  but  those  defects  being  now  in  great  measure  re- 
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moved,  it  may  well  deserve  the  attention  of  my  lords  commissioners  of  the 
admiralty  (as  also  of  the  board  of  longitude)  to  consider  what  other  obstacles 
yet  remain,  and  what  trials  and  experiments  may  be  proper  to  be  made  on 
shiplward,  in  order  to  enable  them  to  judge  whether  observations  for  this 
purpose  can  be  taken  at  sea  with  the  desired  accuracy. 

I  am,  Sir, 

Your  most  obedient  humble  Servant, 

JAMES  BRADLEY. 


To  Mr.  Cleveland,  Secretary  of  the  Admiralty. 

[Mayers  Tables,  p.cxi.] 

Greenwich,  April  14,  1760. 

SIR, 

Having  long  deferred  to  make  any  report  relating  to  the  observations 
that  were  taken  at  sea  by  captain  Campbell,  in  the  year  1757,  which  you 
transmitted  to  me  by  order  of  the  lords  of  the  admiralty,  I  think  it  necessary 
to  acquaint  you,  that,  upon  examining  those  olwervations,  I  j>erceived  that 
they  were  not  in  all  respects  accompanied  with  such  circumstances  as  are 
requisite  for  forming  a  right  judgment  of  the  accuracy  and  certainty  with 
which  observations  proper  for  finding  the  longitude  at  sea  by  the  moon  can 
in  fact  be  taken;  for  which  reason  I  delayed  giving  my  opinion  upon  this 
point  till  I  could  have  an  opportunity  of  comparing  a  greater  variety  of 
observations,  made  at  different  times,  and  with  different  instruments :  such 
au  opportunity  having  lately  been  given  me  by  captain  Campbell,  who  has 
favoured  me  with  a  copy  of  several  observations  that  were  made  by  him  in 
1758  and  1759,  I  uow  beg  leave  to  lay  before  their  lordshii»s  the  result  of 
the  comparisons  which  I  have  made. 

But  before  I  proceed  farther  it  may  be  proper  to  take  notice,  that  since 
the  time  when  I  gave  their  lordships  an  account  of  the  near  agreement  of 
Mr.  Professor  Mayer's  lunar  tables  with  the  observations  that  had  been  then 
made  at  the  Royal  Observatory,  I  have  compared  several  others,  which  con- 
curred to  prove  that  the  difference  between  the  observed  and  computed 
places  nowhere  amounted  to  more  than  about  one  minute  and  a  half ;  and  I 
find  that  the  difference  (small  as  it  is)  may  yet  be  diminished  by  making 
alterations  in  some  of  the  equations,  whose  true  quantity  could  not  be  de- 
termined  without  proper  observations :  after  making  the  needful  corrections 
it  appeared,  by  the  comparison  of  above  eleven  hundred  observations  taken 
here  since  the  new  instruments  were  fixed  up,  that  the  difference  did  no- 
where amount  to  more  than  a  minute :  it  may  therefore  be  reasonably  con- 
cluded, that  so  far  as  it  will  depend  upon  the  lunar  tables  the  true  longitude 
of  a  ship  at  sea  may  in  all  cases  be  found  within  about  half  a  degree,  and 
generally  much  nearer. 
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This  fundamental  and  most  important  article  being  established  upon  such 
full  evidence,  it  remained  to  be  examined  within  what  limits  the  errors 
arising  from  observations  actually  taken  at  sea  could  be  contained. 

In  order  to  determine  this  point,  I  computed  the  ship's  longitude  from 
each  of  the  observations  made  by  captain  Campbell,  and,  upon  comparing 
the  results  of  several  that  were  taken  near  the  same  time  and  under  the  like 
circumstances,  it  appeared  that  in  general  the  observer  was  not  liable  to  err 
more  than  one  minute  in  judging  of  the  apparent  contact  of  the  moon's  limb 
and  die  object  with  which  it  was  compared.  Now  this  being  nearly  the 
same  error  that  would  be  found  to  obtain,  if  the  like  observations  were  to 
be  made  with  the  same  instruments  on  land,  it  may  hence  be  inferred,  that 
in  moderate  weather  the  motion  of  the  ship  is  no  otherwise  an  impediment 
in  this  sort  of  observations,  than  as  it  renders  the  repetition  of  them  more 
tedious  and  troublesome  to  the  observer,  which  yet  ought  by  no  means  to  be 
omitted ;  because  if  each  single  observation  be  liable  to  an  error  of  a  minute 
only,  by  taking  the  mean  of  five  or  six,  the  error  on  this  head  may  be  so  far 
diminished  as  to  be  or  small  moment. 

But  although  the  observations  which  I  first  received  proved  how  nearly 
they  could  correspond  with  each  other,  yet  they  were  not  sufficient  to  de- 
termine whether  the  angular  distances  of  the  moon  from  the  sun  or  stars 
were  truly  measured  by  the  instrument.  Observations,  which  were  after- 
ward- communicated  to  me,  enabled  me  in  some  measure  to  judge  of  this 
particular ;  captain  Campbell  having,  at  my  request,  taken  several  distances 
between  some  of  the  principal  fixed  stars;  but  there  still  remained  some 
doubt  how  far  the  observed  distances  of  the  moon's  limb  might  be  affected 
by  the  interposition  of  the  dark  glasses,  which  must  be  used  in  making 
those  observations ;  and  as  this  may  be  the  source  of  considerable  errors,  not 
easily  to  be  discovered  or  distinguished  from  others  that  may  arise  from  the 
inaccuracy  of  the  divisions  of  the  instrument,  or  an  improper  adjustment, 
&c.  I  could  only  judge  of  the  amount  of  those  several  errors,  when  blended 
together,  by  comparing  the  ship's  longitude  deduced  from  the  observations 
taken  on  different  days  with  the  longitude  per  account,  or,  which  was  more 
eligible,  with  her  longitude  collected  from  her  position  with  respect  to  some 
known  point  of  land  in  view. 

The  observations  which  you  sent  me  that  were  made  by  captain  Campbell 
on  a  cruize  near  Cape  Finisterre,  between  February  20,  and  March  2,  1757, 
(by  the  mean  of  above  thirty  taken  on  six  different  days  or  nights)  gave  the 
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longitude  of  that  Cape  about  niue  degrees  west  from  Greenwich,  on  supposi- 
tion that  the  instrument  measured  the  true  angle;  but  if  a  correction  was 
applied,  which  observations  of  the  fixed  stars  that  were  taken  afterwards 
seemed  to  require,  then  the  longitude  of  that  Cape  would  be  about  half  a 
degree  less:  the  books  of  navigation  give  its  longitude  about  nine  degrees 
and  a  quarter. 

The  observations  above  referred  to  were  taken  with  the  circular  instru- 
ment constructed  upon  the  plan  proposed  by  Mr.  Mayer,  though  they  were 
not  made  in  the  manner  he  intended,  captain  Campbell  thinking  it  too  incon- 
venient to  attempt  to  do  it  on  shipboard;  but  as  the  principal  use  of  this 
construction  is  to  obviate  the  inconvenience  proceeding  from  the  inaccurate 
division  of  instruments,  and  as  that  might  be  sufficiently  removed  by  the 
care  and  exactness  with  which  Mr.  Bird  is  known  to  execute  those  that  he 
undertakes  to  make,  a  sextant  of  a  radius  twice  as  long  as  that  of  the  cir- 
cular instrument  was  made  by  him,  and  afterwards  used  by  captain  Camp- 
bell in  taking  several  observations  on  board  the  Royal  George  in  different 
cruizes  near  Ushant,  in  1758  and  1759. 

By  the  mean  of  twelve  different  days'  or  nights'  observations,  (great  part 
of  them  being  taken  when  Ushant  was  in  sight,  and  the  rest  when  the  ship's 
bearings  from  thence  might  be  pretty  well  ascertained,)  I  found  the  longitude 
of  the  middle  of  t lint  island  to  be  about  five  degrees  and  twenty-three  minutes 
west  from  Greenwich. 

In  this  deduction  I  supposed  that  the  instrument  shewed  the  true  angle ; 
but  whether  it  did  so  or  not,  the  mean  result  would  be  nearly  the  same,  as 
the  moon  was  sometimes  eastward  and  at  other  times  westward  of  the 
objects  with  which  she  was  compared,  especially  if  the  error  was  not  very 
great,  and  the  number  of  observations  taken  on  both  sides  was  nearly  the 

It  appeared  by  the  near  correspondency  of  the  different  days'  observations 
that  my  supposition  was  not  ill-founded,  because  the  greatest  difference  be- 
tween the  mean  result  and  that  of  any  particular  day  amounted  in  one  case 
only  to  thirty-seven  minutes  in  defect,  and  the  greatest  difference  in  excess 
was  but  twenty-three  minutes ;  so  that  the  extreme  results  of  these  twelve 
days'  observations  differed  from  each  other  but  about  one  degree  of  longi- 
tude. 

This  indeed  is  so  near  a  correspondency  as  cannot  reasonably  be  expected 
to  obtain  in  general,  and  I  would  by  no  means  attempt  to  infer  from  hence, 
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that  the  longitude  found  by  observations  of  this  sort  may  in  all  cases  be 
depended  upon  within  one  degree ;  but  I  beg  leave  to  observe,  that  whatever 
extraordinary  circumstances  may  have  concurred  to  produce  so  near  an 
agreement  in  this  particular  case,  the  event  is  such  as  may  give  reason  to 
hope,  however  great  the  difficulties  of  finding  the  longitude  by  this  method 
seem  to  be,  that  they  are  not  insuperable,  or  such  as  ought  to  deter  those 
whom  it  most  nearly  concerns  from  attempting  to  remove  them. 

I  am,  Sir, 

Your  most  obedient  humble  servant, 

JAMES  BRADLEY. 


The  Remit  of  several  Observations  of  the  Distance  of  the  Moon 
from  the  Sun  and  Stars,  taken  by  captain  J.  Campbell  on  board 
the  Royal  George,  near  or  in  sight  of  Ushunt,  with  a  brass  Hart- 
ley's Sextant  made  by  Mr.  Bird;  referred  to  in  the  foregoing 
Letter. 

[Mayer's  Tables,  p.  cxvi.] 
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greatest  error  in  defect  87  by  the  observations  of  July  20, 1759. 
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MOLYNEUX'S  INSTRUMENT. 


A  Description  of  an  Instrument  set  up  at  Kexv,  in  Surrey,  for 
investigating  the  annual  Paral/ax  of  the  Fired  Stars,  with  an 
Account  of  the  Observations  made  therewith. 

[By  Samuel  Molyneux,  Esq.  F.  11.  S»] 

The  manner  in  which  it  was  intended  to  make  this  inquiry,  was  to  repeat 
the  observations  related  to  have  been  made  by  Dr.  Hooke,  of  the  transits  of 
the  star  Clara,  in  Vertice  Draconis,  over  the  zenith,  especially  when  iu  con- 
junction with,  and  in  opposition  to  the  sun,  viz.  in  the  beginnings  of  Decem- 
ber and  June ;  and  of  such  other  stars  as  might  conveniently  be  observed  in 
the  same  manner :  and  it  was  proposed  to  make  this  observation  with  an 
instrument  of  as  much  exactness  and  accuracy,  and  as  little  liable  to  the 
difficulties  attending  Dr.  Hooke's  method,  or  to  any  other  objections,  as  was 
possible.  An  account  of  his  observations  may  be  seen  in  his  tracts,  pub- 
lished in  quarto,  London,  1674. 

This  instrument  was  chiefly  contrived  and  made  by  Mr.  George  Graham, 
watchmaker,  in  Fleet-street;  it  consists  of  a  telescope,  the  focus  of  whose 
object-glass  is  24  feet  S,15  inches,  and  the  focus  of  the  eyeglass  about  4^  inch. 
The  object-glass  was  very  well  centred,  and  a  good  glass.  The  tube  which 
holds  these  glasses  is  made  round,  of  strong  firm  tin  plates,  very  carefully 

1  There  are  three  copies  of  this  description;  the  first  is  in  Molyneuxs  own  hand, and  takes  up 
about  eight  or  nine  small  quarto  pages  of  the  observation  book,  marked  K.  14;  the  second  is  a 
transcript  of  it  by  some  amanuensis,  with  a  continuation,  of  which  the  original  lias  not  been 
found  in  Molyneuxs  handwriting,  but  which  he  has  made  his  own  by  the  many  additions  and 
corrections  he  has  inserted  in  it;  these  are  incorporated  in  the  third,  which  seems  to  have  been 
written  out  fairly,  and  corrected  by  the  author,  for  the  press;  it  has  therefore  been  followed  in  the 
present  instance.  There  are  a  few  pages  at  the  end  of  the  second,  which  have  not  been  added 
to  the  third ;  these  have  however  been  printed  iu  their  proper  place,  and  by  a  collation  of  the 
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and  closely  soldered  together,  its  diameter  is  about  4  inches,  and  within  it  . 
was  blacked,  so  as  not  to  glare.  At  the  object-glass  end  (see  figure  the  firstb) 
a  ring  of  brass  truly  turned,  about  f  inch  broad,  was  let  on  tight  upon  the 
tin  tube,  and  well  and  truly  soldered  thereunto,  and  afterwards  its  face 
turned  square  unto  (that  is,  at  right  angles  with)  the  axis  of  the  tube.  The 
cell  A  which  carried  the  object-glass  was  made  very  strong,  and  as  thick  as 
was  necessary,  about  £  inch  thick,  and  was  carefully  screwed  on  with  six 
screws  to  the  aforesaid  brass  ring.  The  object-glass  itself  was  truly  turned 
at  its  edges,  and  the  groove  of  the  cell  which  was  to  receive  it  was  at  first 
turned  too  wide  for  it;  but  afterwards,  by  lightly  punching  six  or  eight  small 
holes  in  the  inward  surface  of  the  groove,  the  glass  was  by  these  means 
brought  to  be  truly  steadied  and  fixed  in  its  place,  the  periphery  of  the  glass 
liearing  in  those  places  against  the  bur  of  the  punched  holes ;  the  shoulder 
upon  which  the  inward  or  lower  surface  of  the  object-glass  rested  was  abuut 
TV  inch  broad,  and  the  clear  aperture  which  could  be  given  to  the  glass  was 
nearly  3,8  inch. 

From  this  strong  brass  piece  A,  which  carried  the  object  glass,  grew  out 
two  strong  trunnions,  or  cylinders,  BB,  very  truly  turned,  of  the  same  size, 
so  placed  that  they  had  one  common  axis,  which  passed  through  the  centre 
of  the  object-glass,  as  near  as  possible,  both  as  to  the  breadth  and  thickness 
thereof;  and  upon  this  axis  the  whole  telescope  hung  suspended  from  above, 
as  shall  be  now  described. 

A  square  hole  having  been  made  through  the  floors  of  the  house,  a  wain- 
scot tube  was  continued  perpendicularly  through  from  the  garret  to  the 
ground  floor,  about  nine  inch,  square  without,  and  seven  within.  Perpen- 
dicularly over  the  centre  of  this  tube,  and  independent  entirely  from  it,  was 
fixed  some  iron  work,  very  strongly,  by  proper  bolts,  nuts,  and  screws,  to 
an  adjacent  very  large  stack  of  brick  chimneys,  which  were  quite  within  the 
house,  and  scarce  at  all  exposed  to  the  weather,  and  were  very  strong  old 
built  chimneys,  some  part  of  the  house  being  near  three  hundred  year  old  ; 
that  part  of  the  iron  work  which  hung  over  the  square  tube  was  a  strong 
iron  hoop,  C,  above  \  of  an  inch  thick,  set  edgewise,  of  about  seven  inches 

b  There  U  no  such  figure  in  the  manuscript :  between  the  leaves  of  it  there  were  three  loose 
papers,  which  seem  to  refer  to  the  construction  of  the  instrument,  and  which  have  therefore  been 
reduced  and  copied,  (see  figs.  A,  B,  C,)  but  they  had  no  letters  of  reference  affixed  to  any  parts 
of  theni.  To  prevent  ambiguity,  the  numberi  1  and  3  are  avoided  in  the  designations  of  the 
figures  on  the  plate. 
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diameter,  the  upper  edge  of  this,  which  was  set  truly  level,  supported  some  brass 
work  which  carried  two  strong  brass  notches,  DD,  which  notches  were  rigbt 
angles,  and  in  these  the  above-mentioned  trunnions  or  axis  was  placed,  and 
from  them  the  whole  tube  depended.  There  was  a  provision  made  in  this 
brass  work  in  the  first  place  by  strong  but  fine  screws,  EEE,  to  bring  this 
axis  truly  level,  and  to  reduce  it  to  be  level  again  at  any  time,  should  the 
iron  work  give  or  yield  any  way  so  much  as  to  require  it :  the  said  screws  at 
EEE  raising  or  depressing  the  brass  plate  dd  which  carried  the  notches 
DD  in  which  the  whole  tube  was  suspended.  The  screw  at  the  east  end 
was  of  an  exceeding  fine  thread,  and  is  represented  with  a  larger  head  than 
the  other  two.  In  the  next  place,  provision  was  made  so  as  to  be  able  to 
give  the  whole  brass  work,  with  the  tube  depending  from  it,  a  motion  hori- 
zontally round  its  axis,  and  to  fix  it  in  any  given  situation,  so  as  thereby  to 
set  the  axis,  or  trunnions,  duly  east  and  west  as  was  designed.  This  was  done 
by  means  of  the  screws  at  F,  by  which  the  whole  plate  of  brass  marked 
GHGGH,  and  consequently  all  the  brass  work  above  it,  and  the  notches  in 
which  the  whole  tube  was  suspended,  could  be  rotated  round  the  axis  of  the 
tube.  There  were  three  screws  which  went  through  slits  in  this  plate 
GHGGH  aud  screwed  into  the  iron  hoop  C,  which  hoop  sustained  the  whole,  as 
hath  been  said,  and  these  fixed  the  whole  brass  work  in  its  true  situation 
when  once  found :  the  heads  of  two  of  these  screws  appear  at  HH.  The 
west  trunnion  had  its  upper  part  chamfered  off  exquisitely  to  its  centre,  in 
an  angle  of  about  45s  with  the  axis;  the  lower  half  thereof  was  filed  away 
about  tbUi  of  an  inch  inward ;  exquisitely  at  the  centre,  an  exceeding  fine 
notch  or  scratch  was  made  on  the  upper  chamfered  part,  just  large  enough 
to  receive  a  fine  silver  wire,  whose  diameter  was  about  *r»  inch,  and  this 
wire  was  thus  fixed.  About  i  inch  above  the  notch  was  a  round  pin, 
one  edge  of  which  was  fixed  opposite  to  the  notch  for  the  wire,  and  the  wire 
being  brought  round  that  edge  was  turned  to  a  small  screw,  which  pinched 
and  sustained  it;  and  for  better  security,  a  small  thin  bit  of  brass  was 
hud  on  above  the  wire  on  the  upper  chamfered  edge,  so  as  to  pinch  the  wire 
exquisitively  in  its  notch  in  the  very  centre  of  the  axis;  and  the  utmost  care 
was  taken  of  this  part,  that  the  wire  might  not  be  possibly  at  any  time  dis- 
placed from  this  notch,  but  always  perfectly  truly  delivered  from  the  very 
same  point,  viz.  the  centre  of  the  axis.  To  this  wire  a  plummet  hung,  quite 
below  at  the  eyeglass  end,  for  adjusting  the  whole  as  shall  be  hereafter  de- 
scribed: KKKK  represents  the  tin  tube,  M  the  object-glass,  NNNN  the 
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square  trunk  or  tube  of  wood  which  went  from  top  to  bottom  of  the  instru- 
ment'', through  the  floors  of  the  house,  as  hath  been  said;  O  represents  a  hole 
iii  the  plate  GHGGH  whereby  the  wire  and  plummet  were  let  down.  At  the 
lower  end  of  the  tin  tulw  was  also  truly  soldered  another  ring  of  brass,  as  at 
the  top,  about  |  inch  broad,  and  its  face  also  turned  truly  square  to  the  axis 
of  the  tube.  To  this  was  carefully  screwed  on  with  six  screws  a  strong  cell 
of  brass,  which  was  to  carry  the  cross  threads  of  silver  wire.  The  wire  made 
use  of  for  these  threads  was  less  than  Ti»  inch,  and  great  care  was  taken  be- 
fore the  tube  was  put  up  that  those  threads  were  exactly  at  a  proper  distance 
from  the  object-glass.  This  cell  had  a  groove  truly  turned  to  receive  a  plate 
or  ring  of  brass,  which  carried  these  cross  threads,  and  being  placed  in  the 
groove  intended  for  them,  they  were  screwed  fast  with  four  screws;  care 
was  taken  ljefore  the  tube  was  put  up,  to  briug  oue  of  the  threads  truly 
parallel  to  the  axis  of  the  trunnions  at  the  other  end,  though  this  was  not 
necessary  to  be  exquisitely  true.  Flat  against  the  lower  face  of  this  lower 
cell  a  plate  of  brass  was  screwed,  which  is  represented  in  figure  the  second15, 
DE  the  width  of  the  ring  that  carried  the  cross  thread,  AB  parallel  to  the 
north  and  south  thread  about  4^  inch  asunder,  C  at  the  east  end  of  the 
east  and  west  thread. 

To  the  same  stack  of  chimneys  below,  with  proper  bolts,  nuts,  and  screws, 
some  iron  work  was  fastened  in  like  manner  sis  above,  which  carried  a  like 
iron  hoop  set  edgewise,  and  truly  level,  in  the  same  manner  and  of  the  same 
dimensions  as  alx»ve.  This  iron  hoop  carried  some  brass  work,  which  was 
so  contrived  as  that  it  was  also  capable  to  be  turned  round  on  its  centre,  and 
fixed  in  any  situation ;  and  the  upjier  plate  of  this  brass  work  made  a  sort  of 
square  frame,  lying  horizontally,  and  wherein  the  above  delineated  piece 
CAB,  fixed,  as  hath  been  said,  to  the  tube,  could  freely  move,  every  way 

•  Smith,  in  bis  Complete  System  of  Optics,  §.  1200,  says,  "  Having  by  me  a  memorandum 
"  that  I  took  [of  the  structure]  of  Mr.  Molyneux's  [instrument]  when  I  saw  it  at  Kew,  I  will 
"  endeavour  to  give  the  reader  a  general  idea  of  it  j"  to  illustrate  his  description  he  gives 
a  drawing  (fig.  687  of  his  work).  It  is  coarsely  and  imperfectly  made;  but,  having  been 
designed  by  one  who  had  actually  seen  the  instrument,  it  afforded  the  means,  in  some  measure, 
of  supplying  from  authority  the  want  of  the  figure  which  was  evidently  intended  to  have  been 
annexed  to  the  MS.  Fig.  5.  at  the  end  of  this  volume  is  a  copy  of  Smith's  drawing;  and  it  mav  not 
be  unnecessary  to  mention  that  the  projection  on  the  side  of  the  bottom  of  the  tube  is  intended 
to  represent  an  eye  looking  through  a  microscope  at  the  dot  under  the  plumbline. 

d  Fig.  2.  is  taken  from  a  rough  outline  in  the  observation  book  K.  14;  it  is  wanting  in  the 
two  other  copies. 
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being  about  4  inch,  or  more,  bigger  than  the  square  of  AB.  On  this  frame 
was  fixed  a  fine  tender  Hpring,  which  pressing  on  C  kept  the  side  AB  flat 
against  one  side,  viz.  the  west  side  of  this  frame,  and  this  spring  could  be 
discharged  at  pleasure,  so  as  to  leave  the  tube  to  hang  freely  by  its  own 
weight  on  the  axis  above.  The  side  AB  was  filed  a  little  hollow,  so  as  to 
touch  only  in  the  points  A  and  B.  This  frame  also  had  a  provision  made  to 
move  it,  and  consequently  to  move  the  tube  with  it  gently  and  steadily  back- 
wards and  forwards,  in  the  direction  CDEF ;  that  is  to  say,  eastward  and 
westward,  which  was  necessary,  as  shall  be  hereafter  explained,  in  order  to 
bring  the  telescope  to  hang  at  a  convenient  distance  as  to  east  and  west  from 
the  plumbline :  a  hole  was  left  in  this  brass  work,  perpendicularly  under  the 
point  of  the  western  trunnion,  from  whence  the  plummet  hung,  to  let  the 
plummet  and  plumbline  of  silver  wire  go  through.  Upon  the  above  described 
piece  ABC,  about  midway  between  A  and  B,  was  screwed  down  a  small  thin 
piece  of  brass,  about  2  inch,  long,  I  broad,  and  alxmt  ,V  thick,  one  edge  of  which 
overhung  the  edge  AB,  and  also  overhung  the  hole  for  the  plumbline,  and 
this  edge  was  as  near  as  could  l>e  at  the  same  distance  from  the  centre 
of  the  cross  threads,  as  the  notch  which  delivered  the  plumbline  above  was 
from  the  centre  of  the  object-glass. 

Upon  the  edge  of  this  brass  piece,  midway  between  the  upper  and  lower 
sides  thereof,  was  made  a  very  small  mark,  by  drilling  a  conical  hole  therein 
with  the  point  of  a  very  fine  drill,  it  was  truly  round  at  the  out  edge,  aud 
the  outward  diameter  thereof  was  in  respect  to  the  diameter  of  the  wire 
used  for  the  plumbline  nearly  as  3  to  2.  The  diameter  of  the  wire  was, 
as  has  been  said,  about  if»  inch,  and  the  hole  might  be  ijc  uf  an  iuch. 
This  hole  or  mark  was  filled  with  printer's  black,  to  make  it  more  distinct 
and  visible,  aud  that  the  edges  might  be  more  truly  denned  and  distin- 
guished. By  this  mark  and  the  plumbline,  the  whole  telescope  was  adjusted 
and  reduced  from  time  to  time  to  the  same  situation,  as  shall  be  hereafter 
related.  To  the  above-mentioned  square  frame  of  brass,  which  served  to 
retain  and  guide  the  piece  ABC  and  the  telescope  in  their  situation  as  to 
E.  W,  N.  and  S.,  to  this  frame,  I  say,  just  in  the  middle  of  the  uorth  side, 
was  fixed  a  small  socket  horizontally,  which  carried  a  small  brass  screw, 
which  was  very  truly  turned,  and  touched  with  its  point,  which  directed 
southward,  the  north  point  of  the  brass  cell  at  the  lower  end  of  the  tube,  just 
at  tlie  height  where  the  cross  ttireads  were  placed,  and  the  telescope  was 
gently  pressed  against  the  point  of  this  screw,  by  being  drawn  always  north- 
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ward  by  a  small  string  tied  round  the  tube  about  four  inches  higher  than  this 
brass  work,  which  string  was  brought  over  a  fine  pulley,  and  had  a  small  weight 
hanging  to  counteract  against  the  screw;  this  screw  had  42  threads  in  an  inch, 
and  the  head  thereof  being  divided  into  17  equal  parts,  each  part  was  equal  to 
one  second,  on  the  radius  24  feet  3,15e  inch.  By  turning  of  thiit  screw  the 
whole  telescope  could  be  moved  very  pleasantly  and  easily  the  whole  range, 
truly  north  and  south,  as  far  as  the  square  frame  would  allow  the  side  AB 
to  move,  which  was  al»out  8'  or  9'.  The  spring  at  C  in  the  mean  tune  bear- 
ing the  whole  softly  and  pleasantly  against  the  west  side  of  the  square  frame, 
so  that  the  motion  of  the  telescope  was  then  exactly  in  a  meridian.  To  the 
same  square  frame,  and  at  the  same  side,  viz.  towards  the  middle  of  the 
north  side,  just  below  this  screw,  there  was  placed  in  the  same  nature  and 
direction  a  coarser  screw,  by  which  in  like  manner  the  graduated  or  second 
screw,  but  now  mentioned,  being  discharged,  the  telescope  might  in  the  same 
manner  as  with  that  finer  screw  be  moved  its  whole  range  north  and  south, 

•  There  are  two  loose  papers  in  Graham  s  hand-writing ;  the  first  has  been  folded,  and  endorsed 
by  Molyneux,  "  Mr.  Graham's  dimensions  of  part  of  the  parallax  instrument,"  it  contains  the 
following  particulars : 

"  Radius=24  feet  3i  inch,  nearly  ,084797  +  =  !' 

'•  Screw  42  threads  in  one  inch  ,001413  +  =  I" 

"  One  thread  ,0238  the  plate  to  be  divided  into  17. 

«  .jLi-j;  =  ,OOI4=to  one  second  nearly,  not  differing  one  second  in  100  divisions. 
"  If  the  eyeglass  be  2  inches  broad,  it  will  take  in  an  angle  of  23',  which  will  be  2'  28"  in  time, 
•'  in  passing  the  cross  hairs  at  tlie  zenith,  the  half  of  which  will  be  I'  14". 

"  If  the  screw  at  the  top  have  40  threads  in  one  inch,  and  the  plate  fixed  to  the  screw  divided 
"  into  100,  one  division  will  alter  the  tube  at  the  lower  end  about  ,011  of  an  inch." 

On  the  other  paper  we  have, 

"  From  the  middle  of  the  object-glass  to  the  cross  hairs,  24  feet  3,15  inch  * 

24  3.15 
,25 
,5 


24  3.9 
1.5 

24  2,4 

«•  The  weight  of  the  telescope,  with  all  that  is  fixed  to  the  tube  - 
"  The  brass  work  upon  the  upper  hoop  of  iron  - 

"  The  whole  weight  upon  the  hoop  


lb.  OS. 

22  12 
-49 


27  8 
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this  coarse  screw  was  made  not  only  to  save  the  finer  screw,  (hy  which  the 
alterations  of  the  situation  of  the  telescope  and  of  the  star  were  proposed 
from  time  to  time  to  be  exactly  measured,)  but  also  was  designed  for  this 
purpose,  that  is  to  say,  that  when  the  telescope  had  been  brought  by  the  fine 
screw,  so  as  that  the  star  was  bisected  by  the  east  and  west  thread,  and  the 
mark  also  bisected  by  the  plumbline  in  the  beginning  of  December,  the 
telescope  might  be  bore  off  a  little  from  the  truth,  that  the  star  might  become 
visible  at  its  first  entrance,  without  which  provision,  did  the  star  come  into 
the  glass  directly  on  the  east  and  west  thread,  as  it  ought  to  do  for  several 
weeks,  insensibly  altered  at  that  time  of  the  year,  it  might  perhaps  not  be  at 
first  perceived,  the  observation  being  at  that  time  of  year  to  be  made  about 
midday.  The  snout  which  carried  the  eyeglass  was  cocoa-tree,  screwed  on 
to  the  brass  work ;  see  figure  the  third.  The  instrument  being  thus  de- 
scribed in  itself,  I  shall  now  proceed  to  relate  what  occurred  materially  in 
the  fixing  it  truly  in  its  place,  and  adjusting  it  to  be  ready  for  observation. 

1725,  November  26. 
In  the  first  place,  it  was  set  up  on  the  26th  day  of  November  1725,  about 
12  days  before  the  sun  and  the  star  to  be  principally  observed,  Cap.  Draco- 
nis,  were  in  the  same  right  ascension;  and  it  should  be  here  observed,  that 
this  star  passing  now  about  &  4  north  of  the  zenith,  the  centre  of  the  iron 
ring  in  which  the  lower  end  of  the  telescope  moved,  was  placed  and  fixed  to 
the  wall  so  much  meridionally  south  of  the  centre  of  the  upper  ring,  as  that 
the  axis  of  the  telescope,  when  its  lower  end  was  in  the  centre  of  the  said 

OZ.  dwts. 

Plummet    2  8 

Little  one  0    4  19 

•   

2  12    19  troy. 

"  The  plumbline  wire=284  in  an  inch,  wound  round  a  brass  cylinder,  mark  a*  3  to  2  of  wire 
"  nearly.'* 

This  la>t  line  is  added  by  Molyneux;  oo  the  back  of  this  second  paper  Bradley  had  written. 
ft*t  m,  i  inch. 
Rad.=24..3,l5=29l,l5  2.4641168 
7.S358832 
1,7781512 
-6,4637261 
-1,6232493 
1,2270690 

1  Re?ol.=  1 6,868 
O  2 
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ring,  and  of  the  work  below,  might  be  directed  to  that  star  in  its  transit  of 
the  meridian'. 

The  telescope  being  thus  set  up  in  its  place,  the  next  thing  we  did  was  to 
place  the  axis  or  trunnions  by  which  it  was  suspended  at  the  object-glass 
end,  as  near  as  we  could,  duly  east  and  west,  and  this  was  done  by  deriving 
an  east  and  west  line  from  a  meridian  line,  which  was  drawn  by  the  sun 
above  in  the  garret,  while  its  transit  over  the  meridian  was  carefully  ob- 
served by  a  meridional  instrument,  made  use  of  in  the  library  below. 

1725,  November  27. 

This  day  having  made  a  proper  kind  of  chair  or  couch  for  the  observer  to 
lie  easily  upon,  while  the  eye  was  directed  to  the  zenith,  the  chair  being  upon 
the  ground-floor,  and  the  snout  of  the  tube  about  8£  foot  from  the  floor,  the 
transits  of  some  small  stars  were  observed  through  the  instrument,  about 
seven  o'clock  that  evening,  giving  light  to  the  cross  hairs,  by  a  candle  placed 
near  the  object-glass  above,  by  which  it  was  soon  perceived  that  the  axis 
was  not  exactly  east  and  west,  but  that  it  had  been  set  so  as  that  the  east 
end  was  too  much  northerly,  and  the  west  end  too  much  to  the  south,  a 
small  matter,  and  this  being  the  first  observation  made  with  the  instrument, 
it  is  proper  to  take  notice  here,  once  for  all,  that  the  observer  lay  upon  the 
forementioned  couch  always  with  the  head  eastward.  Though  the  above- 
mentioned  error  was  perceived,  yet  no  attempt  was  made  to  correct  the 
direction  of  the  axis,  till  there  was  provided  a  more  convenient  apparatus 
for  enlightening  the  cross  threads,  as  shall  be  hereafter  described;  so  that  the 
next  thing  which  was  done  was  to  hang  on  the  line  and  plummet ;  and  this 
was  performed  as  folio weth. 

The  plummet  consisted  of  two  parts,  the  one  smaller,  of  cylindrical  shape, 
weighing  about  five  pennyweight  troy,  the  other  part  weighing  about  two 
ounces  and  eight  pennyweight  troy,  both  made  of  brass ;  of  the  annexed 
figures1,  truly  and  smoothly  turned,  the  big  one  was  so  contrived  as  it  could 
be  readily  hooked  on  and  taken  off  from  the  bottom  of  the  upper  one,  and 
both  together  weighing  near  two  ounces  and  nine  pennyweight  troy,  were 
about  .as  much  as  the  wire  which  was  made  use  of  for  the  plumbline  could 
sustain  in  water;  the  smallest  of  these  was  first  hooked  on  to  a  small  loop 
made  at  the  end  of  the  wire,  then  softly  unwinding  the  wire  from  the  wooden 

'  The  fir»t  copy  of  the  description  ends  here. 

*  See  fig.  4.  A  is  the  small,  and  B  the  Urge  plummet. 
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cylinder  upon  which  it  had  been  originally  drawn,  it  was  let  to  descend 
gently  down,  until  it  came  through  the  hole  described  to  have  been  left  for  it 
in  the  brass  work  below,  and  from  thence  descended  about  a  foot  lower  than 
the  snout  of  the  telescope,  and  consequently  about  18  inches  lower  than  the 
mark  described  to  have  been  made  on  the  brass  piece  fixed  to  the  tulie ;  then 
tin-  wire  was  gently  laid  into  the  afore-mentioned  notch  in  the  centre  of  the 
west  axis  above.  A  little  lower  than  this  weight  was  firmly  fixed  into  the 
adjacent  brick  wall  a  small  wooden  shelf,  to  hold  very  steadily  a  cylindrical 
vessel  of  water,  about  six  inches  diameter,  and  about  six  inches  high,  the 
centre  of  which  was  placed  under  the  plumbline;  then  the  small  plummet 
was  lifted  up,  and  the  larger  one  hooked  on  to  it,  and  the  cylindrical  vessel 
being  filled  with  water,  the  whole  plummet  was  let  gently  down,  and  hung 
from  above  near  about  the  middle  of  the  water ;  then  the  small  thin  bit  of 
brass  above  described  was  carefully  laid  on  and  pinched  fast,  to  confine  the 
wire  exquisitely  in  the  notch  upon  the  chamfered  edge  above.  It  being 
absolutely  necessary  to  move  the  plummet  and  wire  out  of  the  way  of  the 
observer,  when  there  was  occasion  to  place  the  chair  for  observing  under  the 
telescope,  and  to  make  use  of  the  instrument,  the  same  was  performed  very 
readily  and  easily  in  the  following  manner. 

First,  the  plummet  was  carefully  lifted  out  of  the  water,  and  then  taking 
off  the  larger  or  lower  part,  the  remaining  small  cylinder  was  carefully  lifted 
up,  and  the  wire  from  its  elasticity,  acquired  in  the  manner  of  drawing  it, 
coiling  itself  a  little  upwards,  the  bottom  of  the  small  plummet  was  placed 
in  a  little  round  socket  of  wood  fixed  in  a  convenient  part  under  the  iron 
ring,  so  as  to  remain  there  quite  out  of  the  way  during  the  time  of  observa- 
tion, and  then  the  vessel  of  water  was  moved  away  to  place  the  chair,  and 
whenever  there  was  again  occasion  to  make  use  of  the  plumbline,  the  larger 
plummet  could  be  again  readily  fixed  to  it,  and  immersed  again  in  the  water 
for  examining  and  adjusting  the  situation  of  the  whole  as  aforesaid.  It  is 
proper  here  to  take  notice  that  in  all  the  observations  from  the  first  to  the 
day  of  this  plummet,  weighing  as  hath  been  said,  was 

always  made  use  of ;  but  on  that  day  of  the  wire  was  broke  by 

accident  below,  and  ever  since  we  made  use  of  a  thicker  wire  and  a  heavier 
plummet*.    It  hath  been  already  mentioned,  that  the  square  brass  frame 

"  This  sentence  ia  an  addition  made  to  the  third  copy  by  Molyneux,  who  evidently  intended 
to  insert  the  dates  and  weight  at  some  subsequent  opportunity.    The  plummet  was  stated  in 
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through  which  the  end  of  the  telescope  passed  below,  had  a  provision  made 
by  a  fine  screw,  to  move  it  gently;  and  also  the  whole  tube  with  it,  back- 
wards and  forwards,  east  and  west ;  this  was  necessary,  in  order  to  bring  the 
small  mark  on  the  little  brass  edge  above  described,  to  come  to  a  due  distance 
from  the  plumbline,  when  it  hung  steadily :  for  had  this  edge  with  the  mark 
been  too  far  east  of  the  plumbline,  it  might  have  caused  some  error  in  the 
observer  in  judging  when  the  mark  was  truly  adjusted  to  and  bisected  by  the 
plumbline;  and  had  it  come  too  much  westerly,  the  plumbline  might  have 
borne  upon  it,  and  not  reduced  itself  to  so  constant  and  true  a  perpendicu- 
larity as  it  ought  to  have  done. 

When  these  things  were  thus  placed,  a  small  apparatus  was  fixed  to  the 
adjacent  wall,  carrying  a  light  which  shone  always  from  the  same  point 
west  of,  but  somewhat  above  the  height  of  the  mark,  and  about  4  inch,  from 
it;  and  the  glare  or  reflection  of  this  light  on  the  bright  edges  of  the  brass, 
and  of  the  mark,  was  taken  oft"  by  the  interposition  of  an  oiled  paper,  in  order 
to  make  the  hole  or  mark  appear  more  distinct.  The  same  apparatus  also 
carried  a  small  tul>e,  about  6  inch,  long,  placed  horizontally  due  east  and 
west  at  the  height  of  the  mark,  having  a  convex  glass  of  about  1  J,  inch  focus 
at  one  end,  truly  directed  unto  the  mark  thus  illuminated,  and  at  the  other 
end  of  this  small  tube  was  a  small  hole  about  the  bigness  of  the  pupil  of  the  eye; 
and  by  this  apparatus  the  situation  of  the  mark,  in  respect  to  the  plumbline, 
was  always  examined  and  adjusted  from  tune  to  time,  so  that  it  is  impossible 
that  any  sensible  parallax  or  error  could  attend  this  adjusting  thereof ;  the 
light,  the  glass,  and  the  distance,  and  situation  of  the  observer's  eye,  always 
being  exactly  the  same,  and  perpendicularly  directed  to  the  mark  in  every 
examination. 

The  only  difficulty  which  was  found  at  first  in  this  manner  of  examining 
and  adjusting  the  mark  by  the  plumbline,  was  from  the  motion  of  the 
plumbline,  which,  notwithstanding  the  assistance  of  the  vessel  of  water 
below,  would  continue  to  vibrate  in  exceeding  small  arcs  for  a  very  long 
time,  and  hardly  ever  settle  to  our  satisfaction;  this  made  it  necessary  to 
make  a  cover  to  the  water,  in  order  to  render  it  more  steady,  and  also  by 
pasting  paper  wherever  it  was  possible  on  the  fissures  and  joints  of  the 

page  100,  to  have  been  "  ntar  2oz.  9dwta.  troy."  In  the  account  of  the  observations  made 
at  Kew,  it  trill  be  found  that  the  plumbline  waa  broken  on  the  30th  of  May,  1726.  Thia  ia 
probably  the  accidental  fracture  here  referred  to ;  on  the  following  day,  May  3 1 ,  a  new  and  thicker 
wire  waa  put  on,  and  on  June  8,  a  heavier  plummet  was  hung  to  it. 
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square  wooden  trunk,  all  current  of  the  air  was  stopped  in  all  parts  thereof; 
and  this  also  made  it  necessary  to  stop  all  the  smallest  passages  of  air  at  the 
door  and  windows  of  the  chamber,  and  also  to  enclose,  in  a  manner,  the 
whole  end  of  the  room  where  the  tube  hung  by  thick  and  close  curtains ; 
by  these  methods  it  was  found  the  plumbline  would  settle  much  readier  than 
before,  and  would  in  the  space  of  about  two  or  three  minutes  make  its  vibra- 
tions so  small,  that  they  would  not  exceed  above  two  or  three  second  minutes 
of  a  degree ;  and  these  vibrations,  from  the  length  of  the  plumbline,  being  so 
very  slow,  and  viewed  with  a  glass  of  1^  inch  focus,  as  hath  been  said,  it 
was  very  easy  to  judge  of  their  out  limits,  and,  consequently,  to  judge  where 
the  true  perpendicular  lay,  and  to  adjust  from  time  to  time  the  mark  accord- 
ingly ;  and  in  about  three  or  four  minutes,  and  much  sooner  when  we  began 
to  use  the  heavy  plummet,  after  the  day  of  it  would  come  to 

settle  absolutely  at  rest'. 

It  was  afterwards  found,  that  all  these  precautions  were  in  blowing  windy 
weather  scarce  sufficient,  so  that  at  last  a  tube  or  trunk  of  wood  was  made 
down  to  the  very  floor,  very  close  and  tight,  which  could  be  readily  put  on 
and  taken  off,  and  the  necessary  passages  were  left  in  it  to  view  the  mark 
and  plumbline,  and  to  handle  the  screws ;  so  that  after  this  trunk  was  made, 
the  situation  of  the  plumbline  and  mark  was  generally  observed  before  thiH 
trunk  was  taken  off,  and  it  was  found  that  this  contributed  very  much  to  the 
steadiness  of  the  plumbline.  However,  after  the  day  of  it  was 

seldom  found  necessary  to  use  this  case  at  all,  the  plumbline  generally 
steadying  itself  without  itk. 

When  the  weather  was  perfectly  calm,  the  plumbline  with  either  plummet 
would  hang  sometimes  perfectly  motionless,  although  the  trunk  was  not  on. 
The  very  breath  of  the  observer  would  frequently  put  it  in  motion  a  small 
matter;  and  we  observed  that  when  two  or  three  persons  stood  near  the  tube, 
it  would  never  settle  so  soon  nor  so  steady,  although  they  stood  perfectly 
still,  as  when  the  observer  was  alone  in  examining  it :  this  might  proceed 
from  the  different  temper  of  the  air  in  the  garret,  and  in  that  room,  on 
account  of  the  warmth  and  breath  of  the  persons,  which  caused  a  draught 
of  air  down  the  wooden  trunk,  and  gave  this  exceeding  small  motion  to  the 
plumbline. 

1  Sec  note  h. 

k  From  what  has  been  said  above,  the  date  here  omitted  i*  that  of  the  putting  a  thicker  wire 
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The  next  point,  and  upon  which  indeed  the  truth  of  the  whole  depended, 
was  with  all  these  precautions  to  examine  how  consistently  it  was  possible 
to  adjust  the  mark  to  the  pluinbline  at  different  trials,  moving  it  on  each 
side  away  and  bringing  it  to  again,  and  also  taking  off  the  plummet  fre- 
quently, and  lifting  up  the  plumbline  as  in  a  state  of  observation.  And  this 
we  frequently  examined  by  means  of  the  graduated  hue  screw,  which  hath 
been  described  before,  and  on  whose  point  the  north  part  of  the  telescope 
gently  bore ;  we  repeated  this  examination  several  times  over  and  over  again, 
perhaps  ten  times  in  half  an  hour's  time,  and  by  all  the  different  trials  that 
were  made  at  different  times  by  different  observers,  it  was  very  certain  that 
this  could  be  done  to  the  certainty  of  less  than  one  second,  and  in  ten  trials 
made  immediately  subsequent  one  of  the  other,  seldom  would  differ  half 
a  second. 

This  extraordinary  exactness  may  appear  almost  incredible,  but  certainly 
it  was  so  in  fact ;  and  that  so  small  a  quantity  was  distinguishable,  it  is 
hoped  will  plainly  appear  to  those  who  will  duly  consider  what  is  above 
related  of  the  nature  of  this  instrument,  and  the  manner  of  examining  its 
consistency  and  accurateness ;  and,  which  perhaps  is  still  more  surprising, 
all  our  subsequent  observations  have  not  only  confirmed  the  same,  but  also 
have  shewn  that  the  alterations  arising  in  the  situation  of  the  instrument, 
from  the  yielding  and  motion  of  the  stack  of  chimneys,  to  which  the  whole 
was  fixed,  were  inconceivably  little  in  long  spaces  of  time,  the  same  not 
having  amounted  in  a  whole  month's  tune,  from  the  26th  of  November, 
when  it  was  first  fixed  up,  to  alx>ve  four  seconds,  although  during  that  time 
it  was  almost  every  day  frequently  examined. 

For  the  better  understanding  the  subsequent  observations,  it  must  be  here 
noted  once  for  all,  that  the  graduated  or  second  screw,  which  hath  been 
above  described  to  have  been  divided  into  seventeen  equal  parts,  each  equal 
to  one  second  on  the  rad.  24  feet  3,15  inch,  was  numbered  so  as  that  in- 
creasing the  number  unscrewed  the  screw,  and  brought  the  snout  northward, 
and  consequently  brought  the  telescope  to  point  more  southward,  and  nearer 
to  the  zenith. 

1725,  December  2. 
Having  by  this  time  provided  somewhat  a  better  apparatus  for  enlighten- 
ing the  cross  thread  from  above,  which  shall  be  particularly  described  the 
day  that  it  was  brought  to  W  perfect,  and  as  it  was  to  continue  during  the 
whole  series  of  the  observation ;  and  having  observed  several  stars  pass  this 
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night,  and  particularly  the  star  in  Capite  Persei,  the  axis,  and  consequently 
the  threads  below,  were  brought  by  frequent  trial  to  lie  sufficiently  truly 
east  and  west ;  and  it  was  found  that  the  stars  were  passing  through  the 
whole  glass  about  three  minutes  and  two  or  three  seconds  in  time;  so  that 
the  glass  took  in  about  28'  al>solute  space. 

1725,  December  3. 
This  day  a  clock  was  fixed  up,  going  sidereal  time,  in  the  chamber  where 
the  lower  end  of  the  tube  was,  and  about  18  minutes  after  12  mean  time, 
the  sun  at  that  time  shining  very  bright,  the  star  Clara  in  Vertice  Dracouis, 
or  Caput Draconis,  was  seen  for  the  first  time  passing  the  glass  very  visibly; 
however  it  appeared  but  weakly  and  indistinct,  the  whole  surface  of  the 
object-glass,  of  near  3§  inch,  diameter,  having  been  left  open  without  a  pro- 
per aperture.  Then  by  turning  the  graduated  screw,  the  telescope  was  brought 
so  as  that  the  star  appeared  to  be  duly  bisected  just  on  the  cross,  and  leaving 
it  in  that  situation,  the  index  of  the  graduated  screw  was  found  to  stand  at 
10,5,  that  is  to  say,  the  index  pointed  10  and  11,  about  half  way  between 
the  two  divisions,  the  decimal  0.5  being  parts  of  a  division,  was  guessed  at 
by  estimation,  as  was  done  also  in  all  the  subsequent  observations.  Then  im- 
mediately loosing  the  screws  which  fixed  the  small  brass  piece,  carrying  the 
mark  on  its  edge,  it  was  shifted  by  its  own  screws,  touching  no  other  part 
of  the  instrument,  till  the  mark  was  brought  to  l>e  exactly  bisected  by  the 
plumbline,  and  then  it  was  fixed  down  so,  that  it  could  not  stir  from  that 
situation.  This  was  all  done  and  finished  by  about  one  o'clock;  which  is  here 
taken  notice  of,  because  by  the  subsequent  observations  it  will  appear  no- 
ways probable  that  the  telescope  altered  its  situation  in  any  sensible  degree 
during  this  hour,  and  consequently  it  is  probable  that  the  mark  was  fixed 
very  near  to  agree  with  the  plumbline,  when  the  star  was  on  the  thread  this 
3d  day  of  December,  1725.  The  mark  hath  never  been  in  anywise  altered 
in  respect  of  the  tube,  siuce  that  day  when  it  was  first  fixed,  as  hath  been 
now  related. 

1725,  December  5. 
This  morning  proving  very  fair  and  clear,  it  was  resolved  to  examine  the 
situation  of  the  mark  as  fixed  on  the  3d  of  December,  so  that  about  half  an 
hour  after  11  mean  time,  the  instrument  was  adjusted  as  follows:  the  index 
was  found  unaltered  as  it  had  been  left  on  the  3d  of  December  at  10,5 ;  then 
by  the  graduated  screw  the  telescope  was  moved  till  the  mark  was  truly 
bisected  by  the  plumbline,  and  then  the  index  stood  at  9,5;  the  wind  blew 
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violently  at  north  east,  and  the  plumbline  vibrated  at  least  a  second  and  a 
half  on  each  side  the  mark,  but  now  and  then  it  settled  as  above,  the  index 
at  9,5;  so  that  notwithstanding  some  very  stormy  weather,  which  we  had  on 
the  4th  of  December,  the  telescope  was  not  altered  above  one  second,  by 
which  the  upper  end  of  the  telescope  had  gone  southward  since  the  3d  of 
December. 

This  day  a  pasteboard  aperture  was  prepared,  to  cover  the  object-glass,  of 
2,75  inches  diameter,  but  being  still  apprehensive  that  the  covering  the  glass 
might  make  the  star  less  readily  visible,  it  was  not  at  first  put  on ;  but  hav- 
ing first  supported  the  snout  of  the  telescope  upon  the  coarse  screw,  a  small 
matter  south  of  the  fine  screw,  to  the  intent  that  the  star  at  its  entrance 
into  the  glass  might  be  more  readily  seen;  at  about  56  minutes  after  11, 
mean  time,  it  was  perceived  to  enter,  and  instantly  discharging  the  coarse 
screw,  so  as  that  the  telescope  returned  to  be  supported  by  the  graduated 
screw,  and  the  star  seemed  to  tie  sufficiently  true  upon  the  thread.  The  greatest 
part  of  the  time  of  this  transit  was  taken  up  in  putting  on  and  taking  off  the 
aperture,  which  was  easily  done  by  calling  to  the  assistant  who  attended 
above ;  and  the  star  always  appeared  much  distincter  and  better  when  the 
cover  was  on,  than  when  it  was  ofT;  for  we  found  that  when  the  whole  glass 
was  left  bare,  there  came  in  so  much  light,  that  it  very  much  effaced  the 
small  light,  which  diffused  itself  from  the  star  on  each  side  of  the  thread ; 
and  the  star  became  quite  lost  and  invisible,  nor  could  it  lje  perceived  any 
ways  sensibly  to  alter  the  situation  of  the  star,  even  when  held  somewhat 
excentrically ;  upon  the  whole,  it  was  judged  that  the  mark  had  been  so 
fixed  on  the  3d,  that  when  the  glass  was  brought  true  to  the  mark  by  the 
plumbline,  the  star  would  certainly  at  this  time  of  the  year  appear  upon  the 
thread,  and  not  expecting  any  greater  accuracy  to  be  possible,  which  how- 
ever, in  some  tempers  of  the  air,  was  afterwards  found  very  practicable, 
nothing  more  was  taken  notice  of  in  this  observation ;  however,  by  farther 
experience  it  hath  been  found,  that  the  star  might  appear  upon  the  thread, 
and  if  its  exact  bisection,  and  also  the  part  of  the  thread  where  it  was  so 
bisected,  was  not  adverted  to,  its  exact  situation  might  differ  above  a  second 
and  a  half,  so  that  this  observation  must  be  considered  as  doubtful,  though 
it  is  most  probable  that  the  mark  and  the  star  did  very  nearly  agree  with 
one  another.  In  five  or  six  minutes  after  the  transit,  the  situation  of  the 
instrument  was  examined  again  by  the  plumbline,  and  it  was  found  that 
during  the  observation,  the  glass  had  scarce  sensibly  altered  its  situation, 
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notwithstanding  the  very  high  wind,  for  when  the  observation  was  begun, 
the  index  stood  at  9,5.  and  now  it  was  found  at  9,8.  so  that  it  had  scarce 
sensibly  altered. 

1725,  December  10. 
On  Tuesday,  December  7th,  there  was  in  the  morning  a  very  violent  and 
unusual  hurricane,  such  as  hath  not  been  known  in  many  years,  and  from 
that  time  to  this  day  a  very  great  change  in  the  weather,  from  cold,  dry  frost, 
to  mild,  open,  rainy,  warm  weather.  Notwithstanding  all  which  changes, 
when  the  mark  was  adjusted  this  day  again  to  the  plumbline,  the  index 
which  was  found  at  9,8.  as  it  had  been  left  on  the  5th  of  December,  was 
altered  only  to  11,5.  so  that  the  stack  of  the  chimneys,  with  all  this  change 
of  weather,  had  altered  but  about  a  second  and  a  half,  by  which  the  top  of 
them  was  come  northward.  Some  sudden  clouds  prevented  the  observing 
the  star  this  day,  but  about  11  o'clock  at  night,  examining  the  instrument 
again,  the  index  was  found  still  to  stand  at  11,5. 

< 

1725,  December  11. 
This  morning  the  apparatus  was  finished  for  enlightening  the  cross  hairs, 
which  is  now  to  be  described.  In  a  thin  piece  of  board,  about  4  inches  square, 
a  round  hole  was  turned  truly  in  the  centre,  and  of  such  a  diameter  as  exactly 
to  fit  the  upper  part  of  the  brass  cell  which  carried  the  object-glass,  and  to 
steady  itself  truly  horizontally  thereupon ;  to  two  sides  of  this  square  piece 
of  board  were  fixed  on,  truly  square,  two  other  pieces  or  sides,  which  stood 
upright  above  it,  the  upper  edges  of  which  pieces  were  cut  so  as  to  make  an 
angle  of  45"  with  the  piece  below,  and  consequently  with  the  horizon ;  upon 
these  two  edges  was  nailed  a  thin  piece  of  pasteboard,  and  about  the  centre 
of  the  said  pasteboard,  and  consequently  perpendicularly  over  the  centre  of 
the  object-glass,  was  cut  out  an  oval  hole,  whose  short  diameter  was  2  inches 
and  and  the  curve  of  the  hole  was  the  section  of  a  cylinder  of  that 
diameter,  at  an  angle  of  45°  with  its  axis  ;  by  this  means  an  oval  annulus  of 
this  pasteboard  overhung  the  object-glass',  near  half  an  inch  broad  at  each 
side  of  the  short  diameter,  and  proportionably  all  round.  The  inward  or 
lower  side  of  this  pasteboard  was  strongly  rubbed  over  with  a  black  lead 
pencil,  by  which  its  reflective  quality  was  very  much  increased ;  then  this 

1  The  description  of  this  apparatus,  which  came  afterwards  into  such  general  use,  conreys  the 
idea  of  its  baring  been  now  originally  constructed  for  the  sector  at  Kew. 
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frame,  with  this  aperture  which  it  carried,  the  whole  of  which  was  very 
light,  not  weighing  half  a  pound,  was  laid  on  in  its  place  upon  the  cell  of  the 
ohject-glass,  and  it  was  so  placed  that  the  long  diameter  lay  always  east  and 
west,  and  the  short  one  north  and  south,  the  inward  or  lower  surface  re- 
specting the  east ;  then  a  bench  or  shelf  was  raised  from  the  floor  of  the 
garret  to  the  east  of  the  object-glass,  about  five  foot  long,  and  pointing 
directly  towards  the  object-glass,  and  the  shelf  was  made  of  such  a  height 
as  that  a  square  lantern,  containing  a  lamp  and  a  very  deep  convex  glass,  to 
gather  its  light,  being  placed  thereupon,  the  light  thereof  was  thrown 
strongly  and  directly  horizontally  upon  the  inward  surface  of  this  paste- 
board, and  consequently  was  from  thence  reflected  directly  down  the  tele- 
scope, and  by  drawing  tmck  or  approaching  this  lantern,  it  was  very  easy  to 
give  a  weaker  or  more  intense  degree  of  light  to  the  cross  threads  at  plea- 
sure ;  and  at  all  distances  and  different  degrees  of  light  it  appeared  very 
equably  diffused  over  the  whole  area  of  the  cross  threads.  The  above  de- 
scribed aperture  was  from  this  time  constantly  made  use  of  in  every  observa- 
tion, the  frame  being  always  placed  exactly  in  the  same  situation. 

About  the  time  of  the  star's  passing,  after  a  very  violent  stormy  rainy 
night,  Mr.  Graham  examined  the  instrument  very  carefully  about  45  minutes 
after  11  mean  time,  and  having  adjusted  it  to  the  mark,  he  found  the  index 
stand  at  rather  less  than  11,  so  that  it  had  altered  since  the  day  before  but 
about  half  a  second,  by  which  the  top  of  the  chimneys  had  yielded  south- 
ward. 

At  about  17h.  48'^  sidereal  time  the  star  Cap.  Draconis  entered,  the  snout 
being  supported  by  the  coarse  screw;  then  discharging  the  coarse  screw,  and 
letting  the  telescope  bear  on  the  graduated  screw,  it  seemed,  as  on  the  fifth 
instant,  sufficiently  well  bisected ;  then  Mr.  Graham  coming  to  the  glass,  it 
seemed  also  to  him  very  truly  upon  the  thread. 

At  17h.  50',  he  saw  it  pass  the  cross  thread,  and  at  17h.  51'^  he  saw  it  go 
out,  and  he  judged  that  it  went  out  rather  a  small  matter  to  the  left  of  the 
thread,  that  is,  in  appearance  south,  but  really  north,  of  the  east  end  of  the 
thread. 

At  12  hours  mean  time,  he  again  examined  the  instrument  by  the  plumb- 
line,  and,  when  adjusted,  he  found  the  index  stand  exactly  as  it  had  done 
before  the  observation,  at  a  little  less  than  11. 

During  the  time  of  the  transit,  the  star  appeared  to  him  so  true  to  the 
thread,  that,  by  his  estimation,  one  could  hardly  err  2  seconds  in  judging 
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when  it  was  true  thereunto;  and  as  to  adjusting  the  instrument  hy  the  mark 
to  the  plumbline,  he  was  very  positive  that  there  could  never  be  an  error  of 
one  second. 

1725,  December  12. 

After  an  exceeding  tempestuous  rainy  night,  Mr.  Graham  again  examined 
the  instrument,  and  adjusting  again  the  mark  to  the  plumbline,  about  forty 
minutes  after  eleven  mean  time,  he  found  the  index  stand  at  10,2.  whereas 
the  day  before  it  had  stood  at  11.  so  that  it  had  not  altered  one  whole  second 
in  that  time,  by  which  the  top  of  the  chimneys  were  come  southward. 

At  17h.  48'  46"  sidereal  time  the  star  entered,  the  snout  being  supported 
by  the  coarse  screw  as  before;  then  discharging  the  coarse  screw,  and  letting 
the  telescope  bear  on  the  graduated  screw  as  before,  it  seemed  again  to  be 
sufficiently  well  bisected ;  Mr.  Graham  then  coining  to  the  glass,  as  was  done 
the  day  before,  the  star  was  so  truly  on  the  thread,  that  at  first  he  could  not 
perceive  it,  then  he  turned  the  graduated  screw  till  he  could  perceive  an 
alteration  by  his  eye  in  the  situatiou  of  the  star  on  the  thread,  without 
knowing  how  much  he  altered  the  said  screw  ;  and  an  assistant  standing  by 
to  observe  how  many  divisions  he  had  altered  it,  what  he  altered  it  did  not 
amount  to  much  above  one  second,  when  he  said  he  saw  the  star  distinctly 
adhering  to  one  side  of  the  thread,  but  still  a  sensible  part  of  the  glare  ap- 
peared also  on  the  other  side  of  the  thread ;  then  he  altered  the  screw,  and 
brought  it  to  lx?  again  bisected  a  little  time  before  it  went  out,  and  then  the 
index  stood  at  about  10,5. 

At  17h.  51'  50",  he  saw  the  star  go  out  well  on  the  thread. 

About  12h.  8'  mean  time,  he  examined  it  again  by  the  plumbline,  and 
then  the  index  stood  at  10,3.  so  that  during  the  time  of  the  observation  it 
did  not  alter  Jth  of  a  second. 

1725,  December  17. 
This  day,  Mr.  Bradley,  one  of  the  astronomy  professors  at  Oxford,  who 
had  been  acquainted  with  the  whole  contrivance  of  this  instrument,  and  was 
present  when  it  was  first  set  up  in  its  place,  did  with  great  care  examine  the 
situatiou  thereof. 

He  found  the  index  at  10,3.  where  it  had  been  left  on  the  12th  of  Decem- 
ber, and  adjusting  the  mark  to  the  plumbline,  about  11  h.  15'  mean  time,  he 
found  the  index  stood  at  9,7.  so  that  from  the  12th  of  December  to  the  17th, 
it  had  been  altered  but  a  little  more  than  £  a  second. 

At  about  17b.  48'^  the  star  entered,  the  snout  being  borne  by  the  coarse 
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screw  as  usual ;  then  Mr.  Bradley  going  to  the  glass  and  discharging  the 
coarse  screw,  and  letting  the  telescope  bear  on  the  graduated  screw,  about 
15  seconds  before  it  came  to  the  cross,  it  seemed  to  hirn  on  the  thread,  but 
rather  too  much  in  appearance  to  the  right  hand ;  and  it  seemed  to  him  to 
run  thus  along  that  edge  of  the  thread  till  about  15  or  SO  seconds,  after  it 
was  got  beyond  the  cross,  and  then  seemed  by  degrees  to  recover  the  thread, 
and  to  appear  pretty  truly  bisected  about  8  or  10  seconds  before  it  went  out. 
At  17h.  51'^  he  saw  it  go  out. 

At  about  lib.  SO7  mean  time,  he  examined  the  situation  of  the  telescope 
again  by  the  plumbline,  and  found  it  not  sensibly  altered  during  the  time  of 
observation.  Then  by  very  frequent  trials,  he  tried  within  what  limits  of 
certainty  it  was  possible  to  adjust  the  instrument,  and  was  satisfied  that  one 
could  be  very  sure  to  adjust  it  always  within  J  a  second. 

At  about  12h.  10'  sidereal  time,  that  evening,  he  observed  a  pretty  bright 
telescopic  star  pass  along  the  thread,  being  then  illuminated  in  the  manner  as 
hath  been  above  described.  As  to  this  star  also,  he  thought  that  the  star 
agreeing  with  the  thread  at  the  entrance,  did,  as  it  drew  near  unto  the  cross, 
bear  off  somewhat  to  the  right  hand,  and  seemed  to  return  to  the  thread,  by 
degrees,  in  the  same  manner  as  Cap.  Drae.  appeared  to  him  in  the  morn- 
ing. 

At  about  2h.  33'  sidereal  time,  a  star,  in  Capite  Persei,  of  the  5th  magni- 
tude, entered  the  glass. 

At  2h.  34'^  it  passed  the  cross,  and  then  Mr.  Bradley,  by  the  graduated 
screw,  exquisitely  bisected  it,  and  afterwards  moved  neither  of  the  screws  till 
it  went  out;  and  from  the  cross,  it  seemed  to  him  to  move  rather  to  the  left 
hand,  but  a  very  small  matter,  as  it  went  out. 

1725,  December  18. 

This  evening  Mr.  Bradley  observed  several  telescopic  stars,  as  they  run 
along  the  thread,  and  seemed  to  be  confirmed  that  they  all  of  them  moved 
in  the  same  manner;  that  is  to  say,  that  if  they  were  truly  bisected  at  the 
entrance,  they  seemed  sensibly  to  edge  off  toward  the  right  hand  by  the  time 
they  were  got  near  the  cross,  and  that  they  seemed  by  degrees  to  return  to  be 
pretty  truly  bisected  again  about  the  time  of  their  going  out ;  but  this  whole 
deviation  of  the  apparent  path  of  the  stars  from  the  thread  was  so  small,  and 
the  fluttering  of  the  star  from  the  instantaneous  variations  of  the  air  (very 
sensible  in  long  glasses,  and  much  more  in  reflecting  telescopes)  was  so  sensi- 
ble, and  so  frequent  in  the  time  of  the  transits,  that  it  was  found  impossible  to 
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determine  at  all  satisfactorily  to  how  much  this  deviation,  at  the  very  point 
of  the  cross,  whereabout  it  was  greatest,  might  possibly  amount  unto.  It 
could  only  l»e  judged  in  gross,  that  it  did  not  perhaps  amount  to  more  than 
about  a  diameter  of  the  thread.  Upon  this  it  was  concluded,  that  in  order 
to  measure  this  deviation  as  near  as  was  possible,  it  would  be  best,  by  the 
graduated  screw,  to  bisect  a  small  star  as  near  as  possible  at  the  entrance ; 
then  the  assistant  to  note  exactly  the  number  at  the  index,  then  exquisitely 
to  bisect  it  again  as  near  as  possible  to  the  cross,  and  again  to  note  the 
number  at  the  index,  and  to  do  the  same  things  again,  as  near  as  possible,  at 
the  going  out ;  and  accordingly  the  star  in  Capite  Persei  was  this  night 
observed  for  this  purpose. 

At  about  2h.  33'  sidereal  time,  this  star  entered,  and  the  glare  of  it  being 
as  truly  bisected  as  possible,  the  index  stood  at  0\.  When  it  came  to  the 
cross,  it  was  again  carefully  bisected,  theu  the  index  stood  at  2f .  About 
2h.  36"  it  went  out,  and  then  being  truly  bisected  again,  the  index  stood 
at  1§.  This  was  found  to  be  the  oidy  method  of  judging  at  all  nearly  of  the 
quantity  of  this  deviation;  for  till  this  method  was  taken,  the  estimations 
that  were  made  thereof  were  very  different  and  inconsistent,  and  as  wide 
from  the  truth  as  could  be,  in  a  quantity  so  small ;  and  from  hence  it  was  at 
first  apprehended  that  the  wire  was  itself  not  perfectly  straight,  and  that 
this  bending  thereof  had  not  before  been  taken  notice  of  in  the  observations 
of  the  3d,  the  5th,  the  10th,  and  the  12th  of  December,  it  having  happened 
in  those  four  observations  that  the  bisection  of  the  star  on  the  thread  had 
not  been  so  exactly  taken  notice  of  as  it  might  have  been.  The  most  of  the 
time  of  those  transits  having  l>een  taken  up  in  trying  of  the  apertures,  or  in 
moving  the  screws,  so  that  the  situation  of  the  star  just  at  the  cross,  had  not 
before  been  strictly  taken  notice  of. 

This  apprehension  of  the  thread  being  crooked  continued  some  time,  till 
upon  consideration  that  possibly  the  apparent  path  of  the  stars  seen  through 
this  glass  in  our  zenith  might  sensibly  deviate  from  a  straight  line,  this 
matter  was  computed ;  and  it  was  found,  that  if  the  star  were  truly  bisected 
at  each  end  of  the  cross  east-and-west  thread,  it  would  appear  near  the 
cross,  alxmt  2^  seconds  distant  south  of  the  cross,  which  is  alwut  a  diameter 
of  the  thread ;  aud  it  was  further  considered,  that  this  deviation  must  seem- 
iugly  be  as  Mr.  Bradley  observed  these  stars  do  go,  viz.  edging  off  by  de- 
grees on  the  right  hand  toward  the  middle  part  of  the  glass ;  for  as  in  reality 
they  deviate  to  the  south,  and  the  north  was  in  reality  upon  the  observer's 
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right  hand  in  the  inverting  glass,  this  deviation  must  therefore  appear  toward 
the  right  hand. 

And  this  is  a  very  strong  confirmation,  not  only  of  the  great  exactness  to 
which  it  was  possible  for  the  eye  to  determine  in  some  tempers  of  the  air, 
when  the  star  was  exquisitely  bisected  by  the  thread ;  but  also  of  the  accuracy 
with  which  these  small  angles  could  be  measured  by  this  instrument,  since  it 
is  plain  by  these  observations  that  the  deviation  resulting  from  the  measure 
of  the  instrument,  at  a  time  when  no  deviation  whatever  was  looked  for,  as 
is  aforesaid,  do  very  nearly  coincide  with  the  deviations  which  must  happen 
in  reality  m. 

And  it  must  here  be  noted  once  for  all,  that  the  measuring  of  the  same 
deviations  of  the  apparent  paths  of  the  stars,  in  the  same  manner,  have  been 
since  frequently  repeated  when  the  state  of  the  air  would  permit,  and  have 
been  fouud  to  agree  very  nearly  with  these  olwervations.  Although  it  must 
be  confessed  that  the  stars,  especially  in  summer,  were. found  to  flutter  so 
much,  that  it  was  hardly  possible  sometimes  to  determine  this  bisection  to 
any  sort  of  exactness. 

And  it  must  be  further  from  hence  noted,  that  it  was  necessary  in  this 
instrument  to  observe  the  bisection  of  the  star,  always  as  near  as  possible 
about  the  same  part  of  the  thread ;  and  it  being  convenient,  especially  on 
account  of  the  fluttering  of  the  star,  for  the  observer  to  have  some  time 
to  judge  distinctly  of  its  running  truly  bisected  some  way  on  the  thread,  it 
was  therefore  concluded,  from  the  considerations  of  this  day,  that  hencefor- 
ward the  star  should  be  brought  to  be  truly  bisected  about  £  minute  before 
it  came  to  the  cross,  since  from  that  time  to  about  as  much  after  the  passing 
the  cross,  there  could  l>e  no  sensible  deviation  of  the  apparent  path  of  the 
star,  and  this  would  give  more  than  sufficient  time  for  the  observer  to  be  as 
accurately  certain  of  the  bisection  of  the  star  on  the  thread,  as  the  state  of 
the  air  then  would  allow  of. 

And  according  unto  this,  the  subsequent  observations  of  the  bisection  of 
the  star  are  strictly  and  always  to  be  understood ;  that  is  to  say,  when  the 
star  is  said  to  be  bisected  by  the  thread,  it  is  to  be  understood  that  the  star 
was  bisected  in  that  space,  unless  it  be  otherwise  expressed. 

Considering  this  day  the  observation  of  yesterday,  where  the  star  Caput 
Draconis  seemed  even  at  the  entrance  to  be  to  the  right  hand,  or  on  the 

The  third  copy  end»  here;  what  follows  in  printed  from  the  second. 
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south  side  of  the  thread,  consequently,  that  when  it  was  near  the  cross,  it 
must  have  been  some  two  or  three  seconds  south  thereof,  and  tins  being  a 
deviation  directly  contrary  to  that  of  the  annual  parallax  of  the  earth,  it  was 
at  first  mistrusted  that  the  mark  had  not  l>een  so  truly  fixed  as  it  should 
have  been;  but  subsequent  observations  proved  the  contrary;  and  it  was 
afterwards  concluded  that  the  mark  and  star  did  nearly  agree  when  first 
fixed,  and  this  alteration  was  a  real  alteration  in  the  apparent  place  of  the 
star,  as  will  be  seen  hereafter. 

Having  thus  given  an  account  of  this  instrument,  and  the  whole  process  of 
fixing  and  adjusting  it,  as  is  aforesaid,  what  follows  is  chiefly  the  series  of 
observations  from  time  to  time  made  therewith;  but  before  these  are  begun, 
in  strict  regard  to  truth,  it  is  necessary  here  to  take  notice,  and  repeat  it 
again,  as  hath  been  hinted  before,  that  upon  the  whole  it  did  not  appear 
possible  to  observe  nearly  so  accurately  the  bisection  of  the  star  upon  the 
cross  thread,  as  it  was  to  observe  the  bisection  of  the  mark  by  the  plumbline. 
There  is  one  very  obvious  reason  for  this:  the  plumbline  and  the  mark  were 
observed  by  a  glass  of  1^  inch  focus,  the  star  and  the  cross  thread  were 
observed  by  one  of  4  inch,  focus;  it  might  therefore  have  been  better  in  this 
case  to  have  made  use  of  a  deeper  charge.  The  other  reason  is  less  obvious 
to  persons  who  are  not  used  to  astronomical  observations,  and  it  is  this : 
while  the  mark  aud  the  plumbline  Mfere  observed  through  but  l£  inch  of  an 
equable,  steady  air,  the  star  was  viewed  through  the  whole  height  of  the 
atmosphere,  and,  as  it  hath  been  hinted  before,  those  who  have  used  long 
glasses  do  very  well  know  that  there  frequently  happen  such  sudden,  and  almost 
instantaneous  little  alterations  in  the  refractive  quality  of  the  air,  as  will  make 
objects  to  undulate  and  flutter  about  very  sensibly,  as  much  as  may  be  of 
some  consequence  in  so  accurate  an  observation  as  this ;  and  in  this  instru- 
ment it  did  happen  so  sometimes  in  fact ;  the  stars  woidd  flutter  on  the  thread, 
so  as  that  their  glare  would  sometimes  appear  to  l>e  considerably  more  on  one 
side,  and  instantaneously  afterwards  as  much  on  the  other;  however,  in  this 
vertical  situation  these  flutterings  were  never  observed  to  amount  to  above 
two  or  three  seconds,  and  very  seldom  to  near  so  much ;  and  sometimes  the 
air  was  so  still  and  undisturbed  that  there  appeared  no  fluttering  at  all;  and 
generally,  if  the  observer  was  to  estimate  the  bisection  for  any  considerable 
space  on  the  thread,  when  the  air  was  the  most  disturbed,  he  could  hardly 
be  liable  to  so  great  an  error  as  two  seconds;  and,  for  the  most  part,  it  seems 
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probable  there  could  not  indeed  be  an  error  upon  all  accounts  of  near  that 
quantity;  and,  with  sufficient  care  and  practice  in  the  observer,  it  generally 
might  come  nearly  within  less  than  half  thereof,  at  least  as  to  the  determin- 
ing the  absolute  quantity  of  the  whole  variation  of  the  star's  place  at  different 
times  of  the  year,  where  different  observations  might  be  made  on  different 
days,  near  the  two  extremes,  to  verify  and  correct  one  another  by  taking  the 
medium  of  them  all ;  for  this  purpose  at  least,  it  was  hardly  possible  to  err 
half  a  second  by  this  instrument ;  to  render  which  the  more  credible,  it  must 
be  here  observed,  as  may  be  drawn  from  what  is  above  said,  that  in  an  undis- 
turbed air,  it  may  be  much  more  accurately  judged  when  the  light  of  the 
star  is  truly  bisected,  than  it  can  be  to  judge  how  far  its  centre  may  be  from 
the  middle  of  a  thread,  to  which  it  seemingly  adheres;  and  nobody  can  be  a 
judge  of  the  difference  of  accuracy  in  these  two  cases,  but  those  who  shall 
have  an  opportunity  to  examine  the  matter  with  an  instrument  as  fit  for  the 
purpose  as  this. 

1725,  December  21. 

This  day  was  very  fair  and  clear,  Mr.  Bradley,  about  llh.  mean  time, 
very  carefully  examined  and  adjusted  the  telescope  by  the  plumbline,  and 
the  index  stood  at  8,0. 

At  17h.  48'  22"  Cap.  Draconis  entered. 

At  17h.  49'  52^"  8tar  8t  the  cross- 

At  17h.  51'  24"  star  went  out. 

As  soon  as  he  could  discharge  the  coarse  screw,  the  star  seemed  to  him 
to  be  too  much  to  the  right  hand,  and  so  it  continued  till  it  passed  the 
cross  thread ;  and  in  less  than  a  quarter  of  a  minute  after  it  was  passed 
he  turned  the  graduated  screw,  till  he  saw  the  light  of  the  star  perfectly 
bisected,  and  then  the  index  stood  at  11,7.  He  took  this  to  be  a  very 
exact  certain  observation,  having  seen  the  star  very  distinctly;  but  if 
there  was  any  error,  he  thinks  it  was  that  he  rather  unscrewed  the  screw 
too  much,  and  if  so,  that  the  number  of  the  index  should  be  rather  less 
than  llf ;  however,  it  hath  been  here  set  down  exactly  as  it  was  then 
found. 

Then  he  examined  the  telescope  by  the  plumbline  again,  and  about  llh. 
30'  he  found  it  stood  at  8,3. 

Let  8,2  be  the  number  the  index  shewed  when  the  mark  was  true 
to  the  plumbline,  and  consequently  when  the  instrument  was  in  the 
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same  situation  which  it  had  when  the  mark  was  fixed  on  the  3d  of  De- 
cember. 

Then  deducting  8,2 
from  11,7 

remains  3,5  whereby  this  star  appeared  this  day  south  of  the 

mark. 

«*««•• 

»%  "  The  third  figure"  is  referred  to  in  p.  99 ;  but  none  such  M  to  be  found  in  either  of  the 
MS.S.   Neither  this  possibly  nor  the  first  were  ever  executed  :  see  note  b  in  p.  94. 
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1725,  November  27. 

6h.S7'  A  STAR  brought  to  the  hairs  within  £  of  an  inch  of  entrance 
went  out  near  {  of  an  inch  to  the  left,  that  is,  south  of  the  east  end  ;  so  that 
the  east  of  the  hair  must  be  brought  about  by  this  star,  half  so  much  south- 
ward, and  the  west  end  half  so  much  northward. 

6h.  51'  20".  About  this  time  another  not  so  bright  in  the  same  way. 

7h.  06'  26"'  A  very  bright  one  touched  at  the  entrance  at  going  out;  I 
turned  seven  divisions  of  the  second  screw,  to  make  it  touch  again.  The 
cross  threads  are  at  a  very  good  distance  from  the  object-glass;  for  in  moving 
the  eye  I  could  not  perceive  that  the  stars  had  any  motion  at  all. 

N.  B.  In  observing,  we  always  lie  with  the  head  eastward. 

Divided  and  numbered  the  second  wheel  containing  17  seconds. 

This  wheel  is  numbered  so  that  increasing  the  number  unscrews  the 
screw,  and  brings  the  snout  northward,  and  therefore  brings  the  telescope 
to  point  nearer  to  the  zenith ;  wherefore  the  numbers  must  be  decreased,  and 
the  screw  screwed,  to  the  end  that  the  snout  may  be  pushed  southward  from 

«  These  observation*  are  printed  from  the  4to  book  marked  K.  14.  With  a  few  exceptions 
which  will  be  particularly  noted,  the  first  part  as  far  as  April  22,  1726,  inclusive,  is  in  Molyneux  « 
handwriting ;  the  rest  is  written  by  Bradley. 

On  the  inside  of  the  cover  of  the  book  Molyneux  has  written, 

»  Drac,  17  50  10 

"  Fers.    2  34  59 
•'  \  -  .  '. :  r  of  an  inch  exact  on  radius  21  feet  3,15  inches. 
"  Dubie.  The  thread  under  Tj,  of  an  inch=2|  seconds. 
"  Exact.  The  first  plumbline  7it  of  an  inch =2$  seconds. 
••  When  numbers  lessen,  top  of  stack  of  chimney*  hath  gone  southward." 
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December  to  June,  for  this  brings  the  telescope  to  point  farther  and  farther 
from  the  zenith;  and  the  star,  from  this  period  to  the  next,  if  it  hath  any 
sensible  parallax,  will  go  farther  and  farther  from  the  zenith,  and  more  and 
more  northerly ;  so  that  the  alterations  I  am  to  expect  are  to  be,  that  the 
star  should  go  off  from  the  thread  to  the  left  hand.  To  increase  the  num- 
ber, it  must  \te  turned  from  the  west  by  the  zenith  to  the  east;  for  this 
unscrews. 

The  number  shewn  by  the  index  when  the  glass  is  restored  from  time  to 
time  by  the  mark  to  the  plumbline,  I  say  that  number,  being  compared  with 
the  number  shewn  by  the  index,  when  by  this  graduated  screw  the  star  is 
at  any  time  again  brought  to  be  bisected  to  the  observer's  eye  looking 
through  the  glass ;  I  say,  the  difference  between  these  two  numbers  will  shew 
the  number  of  seconds  by  which  the  star  hath  moved  from  the  situation  it 
had  at  the  time  of  fixing  the  mark. 

Stopped  the  door  close,  and  made  good  the  tube;  and  now  the  plumbline 
settles  exquisitely  in  about  three  or  four  minutes  from  first  putting  the  plum- 
met in  water. 

It  will  move  and  vibrate  by  moving  in  the  passage,  but  steadies  again  in 
less  than  one  minute  and  a  half. 

One  half  division  will  sensibly  throw  the  line  from  the  centre  toward  the 
north  or  south  side  of  the  mark. 

At  8h.  59'  set  it,  and  the  mark  is  at 

9h.  SI'  08"  Pers.    Glass  takes  in  28'  by  this  star. 

9h.  82'  41"  went  out  almost  as  much  as  the  work  will  reach;  snout  south- 
ward. 

9h.  4?  00"  tried  plumbline  again,  and  it  came  to  9f  • 

N.  B.  Between  8h.  59'  and  9h.  17  the  weight  that  moves  the  sash  was 
let  to  fall  violently  against  the  wood  that  supports  it,  and  yet  it  altered  no 
more  than  3£  seconds  in  the  direction  of  the  instrument. 

1725,  November  28. 

Put  back  the  moveable  clock  6'  35". 

h.     /  ii 

9  31  08 
6  35 

9  84  33 
3  56 

9  20  37  it  ought  to  come  this  night,  the  £8lh. 
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P.  M.    «  05  00  library. 

2  03  38  moveable. 

1  22  moveable  slower  than  library. 

b         i        h  * 

P.M.  11  15  SO  library. 

11  15  27  moveable. 

8  moveable  slower  than  library. 

1725,  November  29. 
Went  to  London  for  the  winter. 

1725,  December  2. 
At  llh.  45'  ante  mer.  came  from  London. 

Mr.  Graham  here  again.  Found  the  mark  at  9|.  I  was  obliged  to  bring  it 
to  8^  when  true  to  plumbliue. 

Then  brought  the  east  end  above  southward  about  ,025  of  an  inch,  which 
is  about  one  revolution,  and  one  eighth  of  a  revolution  of  the  rotating  hori- 
zontal screw  above;  and  now  I  judge  the  hairs  nearly  east  and  west.  Pinched 
it  there,  and  adjusted  the  work  below  accordingly,  and  pinched  that  too. 

The  same  day  at  5h.  30'  we  found  it  true  to  the  same  mark;  the  plummet 
on  since  the  morning. 

The  star  in  the  head  of  Perseus  having  been  observed  on  the  27th  of 
November,  as  is  there  related,  I  this  night  brought  the  snout  of  the  telescope 
southerly  into  the  same  situation,  as  near  as  I  could  guess,  which  it  had 
that  night  when  Pers.  run  along  the  thread,  and  supported  it  there  by  the 
graduated  screw ;  then  I  turned  the  graduated  screw  so  as  to  bring  back  the 
snout  northerly  15  revolutions  and  12  parts,  being  =  to  4'  27"  the  present  dif- 
ference of  declination  of  Cap.  Pers.  from  Cap.  Drac.  in  Flamsteed's  Tables,  and 
in  that  situation  we  found  the  mark  about  T'o  of  an  inch  north  of  the  plumbline. 

Then  we  shifted  the  piece  of  brass  which  carries  the  mark  by  means  of  its 
own  screws  rc  of  an  inch  southward,  the  plumbline  being  our  direction,  and 
not  touching  either  of  the  screws  that  move  the  telescope;  and  thus  we 
brought  it  so  that  the  mark  now  agrees  with  the  plumbline  again,  and  the 
graduated  or  second  screw  is  at  5 ;  and  we  now  judge  that  the  mark  can 
shift  a  little  more  than  n  of  an  inch  northward,  and  a  little  less  than  ,s  of 
an  inch  southward,  in  case  of  necessity. 
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Then  fitted  up  the  apparatus  for  the  glass  to  view  the  plumbline. 
Left  it  this  night  exactly  at  5. 
Clouds  all  day  and  evening. 

1725,  Friday,  December  3. 

9h.  a.  in.  This  was  a  rainy,  blowing,  tempestuous  night;  however  this 
morning  trying  the  instrument  again,  we  found  the  index  as  we  left  it  last 
night  at  5,  and  we  were  obliged  to  alter  it  only  to  6;  so  that  with  this 
blowing,  sudden  change  of  weather,  it  alters  but  one  second  to  bring  it  to 
plumbline. 

Mr.  Graham  went  to  London. 

This  day  I  saw  the  sun  pass  the  meridian,  and  the  library  clock  was  then 
about  1'  59"  too  fast  for  mean  time,  and  the  clock  in  the  black  room  was 
6'  47"  faster  than  the  library,  so  that  the  clock  in  black  room  was  8'  46" 
faster  than  mean  time. 

I  saw  Cap.  Draconis  pass  the  glass  this  day  for  the  first  time.  It  passed 
the  hairs  at  12h.  26'  32";  deduct  8'  46"  clock  too  fast,  leaves  12h.  17'  46". 
It  should  have  passed  this  day,  by  the  Table,  at  12h.  17'  30",  so  that  the  glass 
directs  16"  in  time  too  much  westward. 

The  star  doth  not  yet  run  along  the  thread.  The  east  end  of  the  axis 
must  be  still  altered,  and  brought  about  southward,  but  not  so  much  as  we 
altered  it  last  night. 

I  saw  the  star  but  very  weakly  and  indistinct.  It  is  quite  covered  and  lost 
when  on  the  thread ;  I  brought  it  just  on  the  thread  in  the  cross  by  the 
graduated  screw,  and  left  it  there.  Then  the  index  stood  at  10 \,  or  rather 
more,  and  the  mark  was  north  of  the  plumbline  above  ?'c  of  an  inch.  In 
hazy  weather,  and  in  the  day-time,  one  may  err  3"  or  4",  but  hardly 
more. 

N.  B.  No  cover,  but  the  whole  aperture  was  bare.  See  December  5th. 
1725. 

Then  I  tried  to  shift  the  brass  piece  that  carries  the  mark  southward  so 
much  as  was  necessary  to  reduce  it  to  be  true  to  the  plumbline,  by  its  own 
screws,  and  touching  nothing  else  of  the  instrument ;  but  it  would  not  shift 
enough,  so  that  I  was  obliged  to  take  out  the  brass  piece  on  which  the  mark 
is,  and  to  make  a  new  mark  about  i'v  of  an  inch  or  more  south  of  the  first 
mark  hitherto  used.  I  made  the  mark  much  of  the  size  as  the  first ;  then  I 
put  on  the  brass  piece  so  marked  anew,  and  I  shifted  it  by  its  own  screws, 
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and  touching  nothing  else  till  I  brought  the  mark  to  the  phunbline;  and 
when  it  was  true  I  pinched  it  pretty  tight,  but  not  so  hard  but  that  it  will 
shift  still  by  the  north  and  south  screws. 

This  was  all  done  and  finished  by  a  quarter  after  one,  and  I  am  sure  I 
cannot  err  4",  and,  I  believe,  not  2"  from  truth. 

At  Sh.  SO7  p.  m.  found  it  still  true  to  phunbline,  the  mark  at  10^,  or  a 
little  more. 

Then  I  loosed  the  screws  of  the  work  below  and  above,  and  I  rotated  the 
east  end  of  the  axis  toward  the  south ;  not  so  much  as  last  night,  perhaj* 
near  J  of  that.  This  time  we  turned  just  |  of  a  revolution  of  the  screw 
above,  and  last  night  we  turned  above  a  whole  revolution ;  then  pinched  all 
fast  above,  and  having  adjusted  it  again  as  to  the  rotation  below,  pinched  it 
fast  there  too.  Then  adjusted  it  to  phunbline  again,  and  index  stood  at  8£, 
and  there  left  it. 

Tried  it  again  at  8h.  30'.  Adjusted  it  to  plumbline,  and  then  the  index 
stood  at  7$.   A  violent  stormy  night. 

I  saw  some  small  stars  this  night  about  8h.  which  seem  to  run  very  true, 
but  I  cannot  be  sure. 

This  evening  I  screwed  up  bob  of  moveable  to  go  sidereal  time,  viz.  to 

upper  mark,  and  set  it  near  to  sidereal  time. 

h.    /  // 

P.  M.  at  5  OH  0  by  library. 

10  38  15  moveable. 

5  30  15  57 

15 

h.    /  „  Gains,  in  3h.  25',  42  which  should  be  but  34  ', 

P.  M.  at   8  33  0  library.  near  3"  per  hour  too  much, 

a  03  57  moveable.  which  is  a  minute  a  day. 

5  30  57 

Then  I  let  down  the  bob  of  the  moveable  about  of  an  inch,  and  it 
stands  now  at  20. 

h.    /  * 
At    8  50  30  library,  p.  m. 
2  19  06  moveable. 

5  28  36 

h.    /  // 
At  10  36  30  library,  p.  in. 

4  05  26  moveable. 

5  28  56 
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1725,  Saturday,  December  4. 

9  00  00  library,  a.  m. 

2  SO  51  movable  sidereal. 

5  80  51 

By  this  the  sidereal  gains  about  35"  too  much  in  one  day. 
Then  I  let  down  the  bob  of  sidereal  one  whole  revolution.    It  now  stands 
at  20. 

h.    i  it 

And  at  9  39  SO  library. 
8  IS  55  sidereal. 

5  34  25 

At  11  24  00  library. 

4  58  43  sidereal. 

5  34  43 

At  11  h.  45'  found  index  at  7  ' .  altered  it  to  the  mark,  and  then  it  stood  at  7+. 
It  grew  very  cloudy  and  dark  about  this  time,  so  that  I  could  neither  take 
the  sun  nor  the  star. 

h.     /  // 

At  12  10  30  library. 
5  45  21  sidereal. 

5  34  51 

So  that  now  the  sidereal  clock  shews  sidereal  time,  and  will  keep  it  very 
nearly. 

At  12h.  30'  found  index  at  71,  altered  it  to  the  mark,  and  then  it  stood  at  7. 

The  object-glass  was  found  a  little  dampy,  and  the  board  that  lies  on  it 
was  so  too.  I  now  have  put  a  bit  of  wood  under  it,  that  the  air  may  blow 
freely  through. 

I  find  the  plumbline  must  be  some  way  clear  of  the  edge,  or  otherwise  it 
will  not  settle  true  to  two  or  three  seconds.    I  fancy  the  edge  attracts  it. 

East  and  west  the  telescope  alters  vastly  more  than  north  and  south.  I 
believe  in  a  night  or  so  sometimes  10"  or  15"  in  space,  as  I  guess. 

At  7h.  35'  p.  m.  found  index  at  7;  adjusted  it  to  the  mark,  and  then  index 
stood  at  7f . 

At    7  37  00  library. 
1  13  07  sidereal. 

5  36  07 
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Soon  after  this  pretty  tk-ar  night. 

Sidereal  time.    Tlie  snout  north  as  much  almost  as  it  will  go. 

1  h.  23'  15".  Two  telescopies.  This  the  preceding  passes  mer.  and  runs 
exactly  true  along  the  thread. 

1  h.  27'  12".    A  hrighter  telescopic  passed. 

1  h.  56'  14".    A  bright  star  north  quite  out  of  reach. 

I  h.  59'  16".    Another  south,  as  I  judge,  out  of  reach. 
The  snout  now  quite  south. 

2h.  10'  42".    A  bright  one  very  north  out  of  reach. 

2h.  14'  10"    One  not  very  hright  run  nlong  the  thread. 

2h.  16'  15".  Another  smaller,  hut  just  north  of  the  thread;  one  passed 
south  not  3"  l>efore  this.  lu  ,  „ 

2h.  22'  20".  Another  exactly  where  the  last  was.  2  35  53 

2h.  35'  53".   Cap.  Pers.  passed  mer.  2  34  59 

2h.  37'  24".   Went  out.    Hazy  now.  54 

It  runs  exactly  well  along  the  thread. 

While  I  observed  this  star,  the  snout  was  supported  hy  the  graduated  or 
second  screw;  and  to  bring  the  mark  true  again  to  the  phunbline,  I  was 
obliged  to  turn  the  screw  18  rev.  and  2"  =  5'  00"  nearly,  which  is  the  differ- 
ence of  declination  between  Cap.  Pel's,  and  Cap.  Drac.  by  our  observations 
with  this  instrument,  differing  but  \  a  minute  from  Mr.  Flamsteed's  Tables, 
and  Pers.  is  so  much  north  of  Drac. 

While  it  run  along  the  thread  I  altered  the  screw  twice,  and  brought  the 
star  to  lie  bisected  again,  looking  through  the  glass;  and  I  was  very  con- 
sistent, not  differing  a  second  at  any  time,  and  when  it  was  very  sensibly 
from  the  truth,  looking  through  the  glass,  the  variation  of  the  number 
shewn  by  the  index  was  not  greater  than  3". 

I  think  one  may  be  very  sure  to  2"  or  3"  at  most  if  the  weather  is  very 
clear,  otherwise  one  may  err  3"  or  4".  I  used  no  cover,  but  left  the  glass 
quite  open.  Query,  Will  it  not  do  letter  by  night  and  by  day  also  with  pro- 
per aperture?  Bee  Dec.  5th,  1725. 

Left  index  at  7$. 

1725,  Sunday,  Dec.  5. 

h.    /  u 

At  8  31  00  library. 
2  09  21  sidereal. 


5  38  21 
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Still  sidereal  gains  too  much  about  15"  or  18"  a  day. 
Let  down  the  bob  one  whole  revolution  more,  and  now  it  stands  at  20. 
In  doing  which  the  sidereal  clock  lost  20". 

b.     /  0 

At  9  22  80  library. 
3  00  31  sidereal. 

5  38  01 

At  5h.  40'  sidereal  time,  which  was  about  12h.  02'  00"  mean  time,  I  found 
the  index  at  7^,  as  I  had  left  it  last  night. 

I  reduced  the  mark  to  the  plumbline,  and  then  the  index  stood  at  |i 1 . 

The  wind  blew  violently  at  north-east,  and  the  plumbline  vibrated  at  least 
1 4  second  at  each  side  the  mark,  but  now  and  then  it  settled  as  above,  (the 
index  at  9*.) 

The  weather  exceeding  clear,  hard  frost,  not  a  cloud  in  the  sky. 

At  5h.  47'  sidereal,  I  began  to  wait  for  the  entrance  of  the  star,  but  first 
with  the  coarse  screw  I  eased  off  the  snout  from  the  second  screw  about  tc 
of  an  inch. 

Then  my  servant  counted  the  sidereal  clock,  and  another  attended  above 
in  the  garret. 

At  5h.  49'  12"  or  may  be  1"  sooner,  I  saw  the  star  Cap.  Drac.  enter  dis- 
tinctly a  little  to  the  right  hand,  or  north  in  appearance  of  the  east  and  west 
thread ;  then  I  instantly  discharged  the  coarse  screw,  and  let  the  telescope 
return  to  be  supported  by  the  second  or  graduated  screw,  the  index  con- 
tinuing unaltered,  as  is  above  said  at  *)}„  and  the  mark,  as  settled  December 
3d,  true  to  plumbline.  And  I  found  the  star  was  exquisitely  upon  the  east 
and  west  thread,  so  as  to  be  almost  lost  under  it  :  then  I  called  to  my  ser- 
vant, who  attended  above,  to  cover  the  object-glass  with  a  pasteboard  aperture 
I  had  prepared,  of  2,75  inch  diameter,  and  I  found  I  then  saw  the  star  much 
diBtincter.  When  with  the  coarse  screw  I  brought  it  from  under  the  thread, 
it  appeared  very  distinct  a  pale  lucid  point,  with  scarce  any  sensible  diame- 
ter, I  am  sure  not  £  of  the  diameter  of  the  thread,  which  is  the  284th  of  an 
inch;  and  when  I  returned  it  again  to  rest  on  the  graduated  screw,  I  could 
sometimes  see  it  bisected.  But  when  the  aperture  was  taken  off  again,  and 
the  whole  glass  left  bare,  there  came  in  so  much  light  it  quite  effaced  the 
small  light  that  diffused  itself  from  the  star  on  each  side  of  the  thread,  and 
the  star  became  quite  lost  and  invisible.  I  repeated  more  than  once  this 
taking  off  and  putting  on  the  aperture,  and  always  found  it  much  distiucter 
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and  better,  whether  the  thread  was  on  the  star  or  off  it,  and  perhaps  a 

smaller  aperture  might  do  still  better;  nor  could  I  perceive  it  any  way 

altered  the  situation  of  the  star,  not  even  when  held  somewhat  excentrically, 

as  I  ordered  my  servant  sometimes  to  hold  it.    The  star  run  very  exactly 

true  along  the  east  and  west  thread,  from  the  entrance  to  the  going  out ;  so 

true,  that  sometimes  I  fancied  it  most  on  the  one  side,  and  sometimes  most 

on  the  other  side.    I  am  very  certain  I  cannot  err  in  the  situation  of  the 

glass  this  day  not  3",  and  I  think  not  2".    I  moved  it  with  the  coarse  screw 

till  the  star  was  above  a  diameter  of  the  thread  clear  of  the  thread,  which 

was  a  very  sensible  distinguishable  space,  and  this  alteration  I  afterwards 

found  amounted  scarce  to  6",  and  I  think  I  may  be  confident  I  could  not  err 

not  one  third,  I  am  sure  not  one  half  of  that  quantity. 

At  5h.  507  42"  the  star  passed  the  meridian. 

h.   ,  « 
17  50  10 

17  50  42 

32  Ux>  fast. 

At  oil.  52'  14"  the  star  went  out  of  the  glass. 

At  5h.  54'  sidereal  time,  I  again  hung  on  the  plumbline,  and  bringing  the 
mark  to  it,  I  found  that  during  the  observation  the  glass  had  scarce  sensibly 
altered  its  situation,  notwithstanding  the  very  high  wind ;  for  when  I  lay 
down  the  index  stood  at  9£,  and  now  it  was  at  9i,  so  that  it  had  altered 
scarce  half  a  second  in  its  direction  in  this  quarter  of  an  hour. 

The  sky  was  so  clear  and  fine  I  could  not  have  a  better  nor  surer  observa- 
tion, nor  can  I  find  that  it  is  possible  at  all  to  mend  the  situation  of  the 
mark  made  and  fixed  as  is  related  on  the  3d  of  December  1725,  so  that  I 
have  now  no  doubt  but  that  for  this  period  I  may  certainly  depend  upon 
having  fixed  my  mark  truly  to  its  place  and  exact  limits  within  2"  or  3"; 
and  now  we  have  no  farther  corrections  to  make,  and  are  only  to  verify  and 
repeat  the  truth  of  this  day's  observation  for  some  days  to  come,  and  about 
the  middle  of  January,  or  sooner,  to  look  out  for  what  alterations  may  then 
begin  to  be  visible. 

Left  the  mark  at  <H- 

b.     i  u 

At  12  26  30  library. 
6  05  00  sidereal. 

5  38  30 

Went  to  London. 
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1725,  Friday,  December  10. 

With  Mr.  Graham. 

h-    i  ii 

A.  M.  11  00  30  library,  which  now  gains  6"  a  day. 
4  57  32  sidereal. 


5  57  02 

5  38  30  difference  on  the  5th  of  December. 


18  32  gain  of  sidereal  above  library  in  5  days, 

GO 
18 


480 
60 


60)  222  (3 
180 

1st 


„  5)  1112  (222f  per  diem  =  3'  42" 

10 

IT 
10 

"Ti 

10 


which  is  S7  42"  per  diem,  but  library  gains  6"  per  diem  of  mean  time,  which 
added  to  3'  42"  makes  8'  48",  and  this  the  sidereal  clock  now  gains  per  diem 
of  equal  time;  it  should  gain  8'  56",  so  that  it  loses  of  sidereal  time  8"  a  day. 

On  Sunday,  December  5th,  it  was  32"  too  fast.  The  loss  in  five  days  we 
compute  40",  so  that  this  day,  the  10th  of  December,  it  is  8"  too  slow. 

We  found  the  index  as  we  left  on  the  5th,  at  9|- 

On  Tuesday  the  7th  there  was  a  violent  and  very  unusual  hurricane, 
such  as  hath  not  been  known  in  many  years,  and  from  that  time  to  this  day 
a  very  great  change  in  the  weather,  from  cold  dry  frost,  to  mild,  open,  rainy, 
warm  weather;  notwithstanding  all  which  changes,  when  we  adjusted  it  this 
day  the  index  stood  at  11 4,  only  1^  second  different  from  what  we  left  it  at 
on  Sunday,  December  5th. 

Cloudy.   So  we  saw  neither  star  nor  sun. 

Took  up  the  bob  of  sidereal  seven  of  the  large  divisions,  viz.  from  20  by 
2  to  7,  and  there  we  left  it,  losing,  as  is  above  computed,  about  8"  per  diem 
of  sidereal  time. 
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6  57  00  p.  m.  library. 
12  55  07  sidereal. 

5  58  07 

Clouds  all  night. 

li  48  30  p.m.  library. 
5  47  25  sidereal. 

5  58  55 

Left  the  index  at  11^.  It  seems  not  to  have  altered  all  this  day. 

1725,  Saturday,  Decemtier  11. 

9  19  30  library. 
15  19  57  sidereal. 

6  00  27 

9  2*  30  library. 
15  24  57j  sidereal. 

G  (K)  Tti 

The  sidereal  now  seems  to  gain  8"  per  diem,  whereas  yesterday  it  lost  as 
much  of  sidereal.  Wherefore  Mr.  Graham  let  down  the  bob  about  four  divi- 
sions of  the  great  divisions,  whereof  we  altered  seven  yesterday. 

fli  58  30  library. 

3  59  07  sidereal. 

6  00  37 

10  04  00  library. 

4  04  37  sidereal. 

6  00  37 

The  weather  proving  unexpectedly  clear  after  a  violent  stormy  rainy 
night. 

We  examined  the  instrument,  and  found  the  index  as  we  left  it  last  night, 
at  11£. 

This  morning  before  the  star  passed  we  made  the  new  frame  for  an 
ajwrture,  and  cut  the  hole  by  a  turned  cylinder  cut  at  an  angle  of  45*.  The 
short  diameter  2,5  inches. 

This  was  on  while  we  observed  the  star,  the  short  diameter  north  and 
south. 
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Then  at  5h.  42'  sidereal  time,  about  llh.  42'  mean  time,  Mr.  Graham  ad- 
justed it  very  carefully  to  the  mark,  and  the  index'  stood  at  rather  less 
than  11. 

At  5h.  48'  49"  I  saw  the  star  Cap.  Draconis  enter,  the  snout  being  sup- 
ported by  the  coarse  screw;  then  I  discharged  the  coarse  screw,  and  let  it 
bear  on  the  graduated  screw,  and  to  my  eye  it  seemed  as  on  the  5th  instant, 
very  sufficiently  exact  bisected;  then  I  supported  it  again  by  the  coarse  screw, 
and  Mr.  Graham  lay  down  about  5h.  49',  and  instantly  saw  the  star;  and 
then  discharging  the  coarse  screw,  to  let  the  snout  bear  on  the  graduated 
screw,  he  found  it  also  exactly  bisected.  He  staid  at  the  glass  till  it  went 
out,  and  found  it  run  very  well  along  the  thread ;  he  says,  if  any  thing  it 
runs  off  to  the  south  of  the  east ;  but  as  to  the  direction  of  the  threads,  anil 
also  as  to  the  situation  of  the  mark,  as  now  fixed,  he  thinks  they  cannot  be 
meuded,  and  arc  sufficiently  exact  and  true.  And  lie  thinks  that  in  judging 
when  the  star  is  truly  on  the  thread  bisected,  one  can  hardly  err  2",  if  so  much ; 
and  as  to  adjusting  the  instrument  to  the  plumbline,  he  is  positive  there  can- 
not be  an  error  of  one  second. 

At  5h.  50'  20"  he  saw  it  pass  the  meridian. 

At  5h.  51'  50"  he  saw  it  go  out. 

b.    /  u 
5  50  20 

5  50  10 

10 

At  5h.  57'  he  again  examined  the  instrument  by  the  plumbline,  and  found 
it  exquisitely  as  it  was  before  the  observation,  at  5 h.  42';  the  index  standing 
exactly  as  before,  at  a  little  less  than  11,  the  mark  being  true  to  plumbline. 

b.   /  * 
12  15  00  library. 

6  15  58  sidereal. 
6  00  58 

h.     /  // 

6  15  00  library,  p.  m. 
12  16  56  sidereal. 

T~56 

So  that  now  I  judge  the  sidereal  gains  of  sidereal  time  about  3"  per  diem. 
And  was  10"  too  fast  for  sidereal  time  when  the  star  Cap.  Drac.  passed 
this  day,  December  11th. 
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h.     /  // 

10  04  00  library,  p.  m. 
4  06  31  sidereal. 

2  29  mill  as  above,  gain*  3"  or  4"  per  diem. 

This  night  we  fitted  up  the  enlightening  lantern,  which  seems  to  do  very 
well. 

An  exceediug  stormy,  rainy  night. 

1725,  Sunday,  December  12. 
Fair  morning,  wind  laid. 

h.     /  // 

9  37  00  library. 
15  41  22  sidereal. 

6    4  22 

By  this  sidereal  seems  now  to  keep  exact  sidereal  time. 

b.  i  a 
6  4  22 

3 

4  25 
37 

3  48 

At  17h.  22',  sidereal  being  about  llh.  18'  mean  time,  found  the  index  at 
almost  11,  as  we  left  it  last  night;  brought  it  to  mark,  and  then  index  at  a 
little  more  than  10. 

At  17 h.  44'  sidereal,  about  llh.  40'  mean  time,  Mr.  Graham  carefully 
examined  the  instrument  again,  and  adjusting  it  afresh  to  the  plumbline,  the 
index  stood  at  10,:. 

Then  I  lay  down  and  waited  for  the  entering  of  the  star,  the  snout  dis- 
charged by  the  coarse  screw  as  yesterday. 

At  17h.  48'  46"  it  entered.  Then  I  let  back  the  snout  to  bear  on  the 
graduated  screw,  and  when  so  to  my  eye  I  found  it  as  yesterday,  exquisitely 
bisected.  I  left  it  so,  and  then  Mr.  Graham  lay  down,  and  at  first  could  not 
perceive  the  star,  it  was  so  truly  on  the  thread.  Then  he  turned  the  gra- 
duated screw  till  he  could  perceive  an  alteration  by  his  eye  through  the 
glass,  without  knowing  at  all  himself  how  much  he  had  altered  the  said 
screw;  and  I  stood  by  to  observe  by  the  divisions  how  much  he  altered  it, 
and  what  he  altered  it  did  not  amount  to  one  second,  when  he  said  he  saw 
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the  .star  distinctly  adhering  to  one  side  of  the  thread  uncovered;  and  tie 
turned  it  ho  as  to  drive  the  snout  southward. 

At  17  h.  50'  18  "4  he  saw  it  pass  the  meridian.  Then  I  desired  him,  still 
looking  through  the  glass,  to  bisect  the  star  again,  by  turning  again  the 
graduated  screw  which  bore  the  snout.  He  did  so,  aud  when  he  said  it  was 
again  bisected,  the  index  stood  at  10J,  or  rather  less,  whereas  at  first  it  stood 
at  10,;,  and  was  well  bisected  by  my  eye;  so  that  it  is  demonstration  he 
could  adjust  it  then,  the  weather  being  extreme  clear  and  favourable,  to  less 
than  }  of  a  second. 

At  17h.  51'  50"  he  saw  the  star  go  out  well  on  the  thread,  and  is  con- 
tinued that  the  direction  of  the  threads,  aud  the  truth  of  the  mark,  as  I  fixed 
it  December  3d,  do  require  no  manner  of  farther  correction,  but  are  suffi- 
ciently exact. 

Returned  this  morning  to  Loudon. 

At  18h.  OK'  sidereal,  about  12h.  08'  mean  time,  examined  it  again  by  the 
plumbline.  and  then  the  index  stood  at  10  aud  less  than  ^;  so  that  it  did  not 
alter  one  sixth  of  a  second  this  day  pending  the  observation,  viz.  between 
llh.  44'  and  12h.  08'. 

1725,  Friday,  December  17. 

With  Mr.  Bradley. 

10  00  30  library. 
16  23  50  sidereal. 

6  23  20 

6  00  37  Their  difference  Dec.  11th. 

22  43  Sidereal  gains  of  library  in  6  days =3'  4T'  per  diem. 
By  the  sun's  transit  this  17th  of  December,  it  appears  that  the 

Library  gains  0    7  per  diem  of  mean  tune. 
Sidereal  gains  3  47  per  diem  of  library. 

3  54  sidereal  gains  per  diem  of  mean  time. 

4  00  it  should  gain  at  this  time  of  year. 

Found  the  mark  at  10 J,  where  it  was  left  December  12th. 

Mr.  Bradley  brought  the  mark  to  the  plumbline  at  llh.  15'  mean  time, 
and  then  the  index  stood  at  9|.  He  thinks  the  instrument  may  at  any  time 
be  securely  adjusted  to  \  a  second  by  the  plumbline. 

At  5h.  47'  sidereal,  I  lay  down  to  wait  for  the  coming  in  of  the  star. 

s 
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At  5h.  48'  32"  it  carae  in,  but  I  did  uot  see  it  so  distinct  as  on  the  12th 
instant.  Then  I  discharged  the  coarse  screw,  and  found  it  as  on  the  12th,  to 
my  eye  very  truly  bisected.  Then  I  bore  it  off  with  the  coarse  screw  again. 
Then  Mr.  Bradley  lay  down,  and  discharging  the  coarse  screw  about  15"  l>e- 
fore  it  passed  the  meridian,  it  seemed  to  him  on  the  thread,  but  rather  too 
much  to  the  right  hand.  It  seemed  to  him  to  run  thus  till  about  15"  or  20" 
after  it  had  passed,  and  then  seemed  by  degrees b  to  recover  the  thread,  and 
to  continue  truly  bisected  from  that  time  till  he  bore  up  the  snout  with  the 
coarse  screw  again  within  a  few  seconds,  perhaps  8"  or  10"  afore  it  went 
out;  which  at  5h.  51'  84"  lie  observed  exactly.  It  appeared  very  faint  and 
indistinct  to  him. 

I  do  not  now  know  how  to  account  for  this  change  in  the  ruuning  of  the  star 
along  the  thread,  as  it  appears  to  Mr.  Bradley,  but  from  some  alteration  in 
the  refraction  of  air,  which  I  have  found  before  would  make  the  star  flash 
sometimes  towards  one  side,  and  sometimes  towards  the  other  side  of  the 
thread ;  but  I  never  saw  those  alterations  continue  so  long  as  this. 

The  zenith  was  covered  with  thin,  hazy,  whitish  clouds  all  the  time  of 
this  observation,  which  drove  slowly  from  the  north  to  south. 

At  11  h.  50'  mean  time,  examined  it  by  the  phunbline,  and  found  it  not 
sensibly  altered. 

At  5h.  30'  mean  time,  examined  it  again,  and  it  was  still  the  same. 
Fitted  oil-paper  to  enlighten  the  mark,  and  it  does  mighty  well. 
At  12h.  10'  17"i  Mr. Bradley  observed  a  pretty  bright  one  pass  along  the 
thread. 

12h.  11'  49"  it  went  out. 

ii.   ,  i, 
0  10  174 

0  11  49 

1  314 

12  08  l.'j  t-ame  in. 

As  to  this  star  also,  he  thinks  if  any  thing,  that  when  it  draws  near  the 
centre  of  the  cross  threads,  it  bears  off  rather  more  to  the  right  hand  than 
otherwise,  and  returns  as  Cap.  Draconis  did  this  morning. 

At  lh.  30'  sidereal,  and  ?h.  mean  time,  screwed  up  the  bob  of  sidereal 
from  3  by  4  to  8,  and  left  it  at  8.   It  lost  20"  in  doing  this. 

At  2h.  33'  07"  Mr.  Bradley  observed  Cap.  Pers.  enter. 

>>  «  by  degrees  1  is  an  interlineation  made  in  the  MS.  by  Bradley. 
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2h.  84'  38"£  it  passed,  and  then  he  set  it  exquisitely  bisected  on  the  cross. 

2h.  36'  10"  it  went  out,  and  seemed  to  him  to  move  rather  to  the  left  hand, 
but  so  little  it  is  scarce  sensible.  He  thinks  it  cannot  amount  any  thing  near 
to  one  diameter  of  the  thread.  However,  all  these  stars  to-day  having  gone 
the  same  way,  it  looks  as  if  the  wire  was  not  exquisitely  straight,  but  it  is 
so  small  a  matter  it  is  scarce  worth  notice. 

At  Sh.  sidereal,  which  is  about  8h.  SC  mean  time,  examined  it  again  and 
found  it  exactly  at  the  same  as  in  the  morning,  viz.  at  9|,  where  we  left  it. 
1725,  Saturday.  December  18. 

With  Mr.  Bradley. 

Found  it  at  9,^.  where  we  left  it  last  night. 
Adjusted,  and  then  it  was  at  BSi. 
Clouds. 

b.    i  • 

11  28  30  library. 
17  66  33 

~6  27  03 

11  h.  4*.  About  this  time  one  not  very  bright.  Mr.  Bradley  thinks  it 
runs  as  last  night. 

llh.  53'  16".  One  along  the  thread  passed;  suout  in  middle;  still  runs  as 
yesterday. 

12h.  04'  26".  Another  passed  the  same  way. 

12h.    8'  29".  A  brighter  one  seen  last  night  came  in  bisected. 

12h.   9'  23".  It  began  to  yield  to  the  right. 

12h.  10'  02".  It  passed  almost  clear  of  the  thread  to  the  right. 

12h.  11'  05".  It  was  bisected  again. 

12h.  11' 30".  It  was  to  the  left. 

12h.  11'  83".  It  went  out. 

These  taken  by  Mr.  Bradley. 

2h.  33'  06"  Cap.  Pers.  entered,  and  I  observed  it,  and  bisecting  the  glare 
of  it  at  entrance,  Mr.  Bradley  found  the  index  at  0{. 

When  it  came  to  the  centre  I  bisected  it  again,  and  then  he  found  the 
index  at  2j. 

Sh.  36'  10"  it  went  out,  and  then  I  bisected  it  again,  and  the  index  then 
stood  at  If. 

To  my  eye  it  seems  when  it  is  well  bisected,  at  first  to  tend,  as  he  says, 
rather  to  the  right  hand  when  it  draws  near  the  centre;  but  I  never  lost  the 

s  2 
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light  on  the  left  hand,  nor  ever  saw  the  body  of  the  star  on  the  right.  It 
fluttered  about  sometimes  to  one  hand  and  sometimes  to  the  other,  and  some- 
times even  near  the  centre  I  saw  more  light  on  the  left  hand  than  on  the 
right  hand,  but  for  the  most  |>art  there  was  rather  more  on  the  right  hand ; 
it  is  plain,  whatever  causes  these  appearances,  whether  the  wire  is  somewhat 
bent  or  not,  or  that  the  alterations  of  the  air  cause  it  to  flutter,  or  somewhat 
of  both,  which  I  judge  to  be  the  case,  or  whatever  else  is  the  cause,  the 
whole  effect  does  not  amount  to  more  than  1^  second. 

The  apparent  path  of  the  stars  seen  through  this  glass  in  our  zenith,  must 
deviate  sensibly  from  a  straight  line,  and  just  at  the  cross  they  may  appear 
about  2"  distant  south  of  the  cross,  in  case  they  be  truly  bisected  at  each 
end,  and  the  deviation  will  seemingly  be  as  these  stars  do  go,  viz.  towards 
the  right  hand  near  the  centre;  for  in  reality  they  deviate  to  the  south,  which 
is  on  the  left  hand,  the  north  pole  being  on  the  right  hand;  but  if  it  lie  ad- 
justed so  as  that  the  star  be  truly  bisected  about  a  minute  after  it  enters, 
that  is,  about  half  a  minute  before  it  passes,  theu  it  will  not  differ  above  ,\\ 
of  a  second  on  the  cross,  and  scarce  sensibly  all  the  rest  of  the  thread,  so  that 
certainly  it  will  Ik-  best  to  adjust  it  to  the  star  always  alwut  that  time. 

Now  as  to  adjusting  it  in  fact. 

If  the  wire  was  a  mathematical  line,  and  the  apparent  path  of  the  star 
was  so  too,  as  it  would  be  if  we  lived  under  the  equator;  yet  still  if  the  star 
fluttered,  as  it  always  has  done  to  my  eye,  I  could  not  be  sure  to  set  it  much 
nearer  than  this,  viz.  to  about  1"  or  2",  and  this  is  much  nearer  than  I  ex- 
pected ;  for  December  3d,  looking  with  the  whole  glass  bare.  I  thought  I 
could  not  come  nearer  than  3"  or  4",  except  in  a  very  clear  undisturbed  air. 

At  3h.  sidereal  examined  it,  and  brought  mark  to  plumbliue,  and  found 
the  index  then  stand  at  8'a.  So  that  this  whole  day  it  hath  altered  but  !  of 
a  second. 

A  calm,  gentle  day,  wind  north,  but  very  little. 


1725,  Sunday,  December  19- 

Dark  cloudy  day. 

The  library  clock  gains  about  8"  a  day  of  mean  time 


6  18  15  library. 
12  50  14  sidereal. 


6  31  59 

At  2h.  36'  12"  Mr.  Bradley  saw  Cap.  Pers.  go  out. 
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Per*.  R.  A.  2  34  59 
Passed  this  night  2  3*  40 

+  19  clock  too  slow. 

Perseus  this  night  2  36  12 
LSI  niglu  2  36  10 


2  sidereal  loses  of  sidcn-al  time. 

A  fire-pan  in  the  black  room  to  dry  the  blacking.  I  lielieve  it  will  now 
rather  gain  than  lose  of  sidereal  time. 

This  night  we  considered  how  much  the  star  would  deviate  from  the  Hue 
in  moving  through  the  gkiss;  and  from  these  considerations,  and  my  observa- 
tion of  the  star's  passage,  December  17,  I  conclude  that  the  mark  is  about 
J  a  second  south  c  of  the  situation  it  ought  to  have  in  respect  of  the  cross. 
So  that  as  the  mark  now  stands,  (if  there  lx>  no  sensible  variation,)  the  glare 
•if  the  star  at  the  cross  must  always  appear  most  to  the  right  hand.  J.  B. 

1725,  Monday,  December  20. 

1 1  h.  a.  m.  found  it  at  8  ,V 

Adjusted  mark  to  plumblinc,  then  it  stood  at  7.J. 
It  was  a  little  hazy,  but  no  thick  clouds,  and  the  star  could  not  be 

0  34  4<  diff.  now. 
6  31  59  diff.  17|  hours 


2  42=162"  in  17  hours. 
17)  162  (94  per  hour=3'  48"  a  day. 
1.53 

9 

But  library  gains  alxwt  8"  a  day  of  mean  time  8" 

Total  gain  of  sidereal  3  56  in  a  day,  with  the  pan  of  eoals 


in  the  room. 


b.     I  II 

11  25  00  library,  a.  i 
17  59  41  sidereal. 


6  34  41  h.  t  / 

8  00  00  library,  p.  m. 

2  36  04  sidereal. 


6  36  04 


•  South  has  been  substituted  in  this  place  for  north,  on  which  Molyneux  has  noted,  "  This 
should  be  north  as  it  was  first  wrote." 
This  paragraph  with  J.B.  subscribed  to  it  is  in  Bradley's  1 
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6  34  41  9)  85  (9 

6  36  04  81 

1  28=83"  in  8} =85"  in  9h.  4 

This  day  the  pan  of  coals  was  not  lighted,  the  room  being  dry,  and  yet 
sidereal  seems  not  to  gain  of  the  library  more  than  it  did  yesterday. 

So  that  I  reckon  I  leave  it  this  night  about  20"  too  slow,  and  going  nearly 
sidereal  time. 

1725,  Tuesday,  December  21. 

9  00  00  library,  a.  n. 
3  38  11  sidereal. 

6  38  11  difference. 

6  36  04  difference  yesterday  at  8h.  p.  tn. 
2  07  gain  in  13  hours, 
which  is  what  it  should  gain  of  mean  time;  but  library  now  gaining  about 
7"  or  8"  a  day  of  mean  time,  it  seems  now  sidereal  will  gain  also  thereabout 
of  sidereal  time ;  at  least  I  think  it  should  not  now  be  altered.    I  suppose  it 
did  not  gain  yesterday,  the  effect  of  the  warmth  not  being  over. 

Mr.  Bradley  found  index  at  7£,  adjusted  it,  and  then  it  stood  at  8 ;  and 
this  at  5h.  40'  sidereal. 

5h.  48'  22"  Cap.  Drac.  entered. 

5h.  49'  52"f  Star  at  the  cross. 

5h.  51'  24".  Star  went  out. 

h    /  „ 
5  49  52* 

50  10 

17 \  too  slow. 

As  soon  as  he  could  let  go  the  coarse  screw,  he  perceived  the  star  too 
much  to  the  right  hand,  and  so  it  continued  till  it  passed  the  cross  thread; 
and  within  a  quarter  of  a  minute  after  it  was  passed,  he  turned  the  gra- 
duated screw  till  he  saw  the  light  of  the  star  perfectly  bisected ;  and  after 
the  observation  I  found  the  index  altered  to  ll£,  so  that  by  this  observation 
the  mark  is  about  3"|  too  much  south. 

But  examining  it  by  the  plumbline  again  at  6h.  sidereal,  he  found  it  stood 
at  8*,  where  we  left  it,  which  will  diminish  this  to  S"£. 

He  takes  this  to  be  a  very  exact,  certain  observation,  and  prefers  it  to  that 
of  the  17th  instant. 


7 

rjts 


£  uoC.^zk  -hfto^r  Ui/nJ 

u<  injur/  /6<#<£xtcr 
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1725,  Friday,  December  24. 

Cloudy  morning. 

h.   /  » 

1  31  00  library,  jxwt  mer. 
8  21  21 

6  50  21 

6  38  11  difference  December  21st,  at  9b.  a.  m. 

12  10  gain  in  3  days  and  4  hours=3'  50"  per  diem. 

But  library  gains  about  =      7  per  diem. 

17'  sidereal  too  alow  Dec.  21st.  8  57  total  gain. 

3=3  days  gains.  3  56 

14  now  too  slow.  1  daily  gain  of  sidereal. 

I  saw  Cap.  Pers.  i>ass  this  night. 
Bisected  at  entrance  15*. 
Bisected  at  centre  17£. 
Bisected  going  out  16J. 

Not  very  clear.    As  far  as  ever  the  snout  will  go  south. 
2h.  36'  20"  nearly  it  went  out. 

1725,  December  25. 

Cloudy  morning. 

Wound  up  the  clock  at  2h.  sidereal  time,  and  stopped  it  alwut  5  ". 
I  saw  Cap.  Pers.  pass. 

Bore  it  on  the  coarse  screw,  bisected  at  entrance,  it  went  to  the  right  most 
beyond  the  cross,  when  it  was  almost  clear  of  the  thread,  and  soon  returned 
by  degrees,  and  went  out  rather  to  the  left. 

2h.  36'  17"  exactly,  it  went  out. 

It  passed  along  the  thread  when  the  snout  quite  bears  southward. 

2  86  17 

2  36  12  it  went  out  the  19th. 
5  gain  in  six  days. 

1725,  December  27. 
Hazy  night,  the  air  full  of  vapours. 
2h.  33'  18"  Cap.  Pers.  entered. 
2h.  36'  22"  it  went  out. 

I  bisected  the  star  by  the  graduated  screw  near  the  cross  as  well  as  I 
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could,  but  it  fluttered  about  so  with  the  vapours  I  could  not  distinctly  de- 
termine when  it  was  bisected  exactly;  wherefore  I  chose  to  leave  the  screw, 
so  as  that  if  there  was  any  error  the  star  appeared  rather  too  much  to  the 
left  than  to  the  right  baud,  and  consequently  was  in  reality  rather  north  of 
the  thread  than  on  it. 

Then  the  index  stood  at  2,6. 

Then  I  brought  back  the  snout  18  revolutions  and  2  seconds,  (see  Decem- 
ber 4th,)  and  then  it  stood  at  4,6;  and  then  letting  the  plumbline  settle,  the 
line's  south  edge  just  touched  the  north  side  of  the  mark. 

Then  I  brought  it  true  to  the  plumbline,  and  at  a  medium  of  five  trials, 
all  within  a  quarter  of  an  hour  of  the  observation,  no  one  differing  more 
than  £  a  second  from  any  other,  I  then  found  the  index  stood  at  7,5. 

So  that  the  distance  by  which  this  star  is  now  north  of  the  mark,  is  more 

rev.  a 
than  IK  5 

whereas  on  the  Ml  of  Decenilx>r  we  found  it   18  02 

Difference       03  at  the  least, 

the  star  being  rather  to  the  north  of  the  thread  than  bisected  this  night. 

Star  true,  it  stood  at  2,6 
Mark  true,  it  stood  7,5 

4,9  difference. 

Besides  rev.  18 

Star  north  now       18  4,9 
Star  north  Dec.  5.   18  2 

Change  2,9 

At  3h.  35'  00"  a  bright  one  passed  on  the  right  hand,  mark  true  to  the 
plumbline. 

3b.  36'  09".  It  went  out. 

This  star  bore  a  sufficient  light  to  see  the  thread. 

3h.  57'  30".  One  not  so  bright  quite  to  the  right  hand,  snout  as  in  last  star. 
3h.  58'  10".  It  went  out,  scarce  bore  any  light. 

1725,  December  28. 
lOh.  30'  mean  time,  found  the  index  at  7f. 
Brought  it  to  -  -  -  7,1. 

Hazy,  star  not  perceived. 
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1725,  December  29. 

llh.  mean  time,  found  index  at  7,1. 
Brought  it  to    -  -  6,6. 

5  trials. 

Hazy  as  yesterday. 

1725,  December  30. 
llh.  mean  time,  found  index  at  6,6. 
Brought  it  to    -  -  6,9- 

4  trials. 

The  weather  was  still  cloudy,  and  I  did  not  perceive  the  star  till  just  it 
was  going  out. 

At  17h.  51'  41"  or  42",  as  near  as  I  could  judge,  it  went  out. 

17  51  41 
December  21st,  17  51  24 

17  gain  in  9  days. 

Very  calm  evening. 

This  evening  I  fitted  up  the  deal  trunk  below,  so  as  I  could  leave  the 
plummet  always  hanging  on  in  water,  and  made  two  holes  therein  so  as  I 
could  observe  the  mark  and  line,  and  also  turn  the  graduated  screw  so  as 
to  adjust  the  whole  without  taking  off  the  trunk;  and  I  stopped  the  edges  of 
it  so  with  list  as  to  exclude  all  manner  of  air,  and  the  consequence  I  found 
as  follows : 

The  plumhline  would  settle  dead  still  in  about  two  minutes. 

I  could  put  in  my  hand  and  alter  the  graduated  screw  without  setting 
the  pliunbline  in  the  least  in  motion. 

Opening  all  the  doors  and  moving  the  curtain  would  hardly  put  it  in 
motion. 

I  could  perceive  a  sensible  alteration  in  moving  the  graduated  screw  less 
than  tli  of  one  second,  and  could  reduce  it  to  a  truth  again  10  times,  one 
after  another,  and  never  vary  !th  of  a  second. 

As  the  plumbline  hung,  I  dusted  on  upon  the  surface  of  the  water  some 
fine  hair-powder,  and  a  good  deal  of  it,  and  I  did  not  find  it  produced  the  least 
alteration. 

Then  I  fixed  a  bit  of  woollen  cloth  at  one  side  of  the  plummet,  about  an 
inch  long,  and  this  had  no  sensible  effect  at  all. 

T 
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Then  I  threw  in  some  chips  and  sawdust  at  one  side  of  the  line,  and  this 
made  no  alteration. 

The  line  settled  always  so  exquisitely  truly  to  the  same  situation,  that  I 
was  apprehensive  it  bore  upon  the  brass  edge  where  the  mark  is ;  but  this 
was  not  the  case,  for  moving  it  above  the  thickness  of  a  sixpence  clear  of  the 
edge,  I  tried  all  the  same  things  over  again,  and  always  with  the  same  suc- 
cess, as  well  as  to  the  steadiness  as  to  the  consistency  of  it. 

Then  I  got  quite  fresh  clean  water,  and  still  the  plumbline  came  perfectly 
true  to  the  mark,  and  it  stood  at  6,9  at  a  med.  of  four  trials. 

So  that  from  henceforward  I  shall  always  leave  the  plummet  on,  and  shall 
adjust  the  telescope  before  I  take  the  bottom  part  off. 

1726,  January  1. 

All  this  day  and  yesterday  we  had  very  damp,  rainy  weather. 

And  afternoon  this  day,  violent,  stormy,  rainy  weather,  south-east  wind. 

At  5h.  p.  m.  I  tried  the  plumbline,  and  I  found  the  wind  to-night  would 
make  the  line  vibrate  near  as  much  when  the  trunk  below  was  on  as  when 
it  was  off. 

Trunk  on  6,8  Trunk  off  5,3 

5,6  5,7 

6,3  5,4  5,9 

5,5  5,2  5,4 


23,7  21,6  11,3 

Med.  5,9  Med.  5,4  Med.  5,6 

1726,  January  2. 

5h.  30'  p.m.  violent,  stormy,  rainy  weather,  with  snow  since  last  night, 
and  at  this  time  wind  at  north-east. 
Found  the  index  at  5,6. 


At  a  medium  mark  true  at  5,9. 


5)29,5(5,9 

Plumbline  vibrates  as  much  as  last  night,  arches  of  3"  or  4". 


uigmze 
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Then  Mr.  Graham  examined  and  adjusted  it  immediately  after,  and  the 
index  stood  as  follows. 

Trunk  on  5,9 1 

5,4  | 

6,1  >  At  a  medium  mark  true,  by  Mr.  Graham,  at  5,7. 


I 


5,4 
5)28,4(5,7 

1726,  January  3. 

10 h.  a.m.  mean  time,  a  very  sudden  change  in  the  weather,  wind  quite 
laid,  a  clear,  dry  air,  and  violent  hard  frost;  barometer  had  risen  since 
last  night  near  |  of  an  inch. 

Mr.  Graham  this  morning  examined  the  instrument. 

Found  index  at  5,7. 

Brought  it  to  8,9.  trunk  on,  4  trials,  none  differing  £  a  second. 

This  is  the  suddenest  and  greatest  change  we  have  yet  observed  in  the 
fixedness  of  the  chimney.  Close,  warm,  or  damp  weather,  seems  to  bring 
their  tops  southward,  and  dry,  clear  weather,  brings  them  back  northward. 

He  says  the  plumbline  remains  now  perfectly  fixed,  steady,  and  motionless, 
and  that  the  instrument  might  have  been  now  adjusted  surely  to  much  less 
than  \  a  second. 

17h.  48'  42"  Cap.  Drac.  entered,  then  I  instantly  discharged  the  coarse 
screw,  and  the  star  appeared  about  two  diameters  or  more  of  the  cross 
thread  wide  on  the  right  hand.  It  did  not  appear  with  its  usual  lustre  and 
brightness,  but  looked  very  dim  and  small;  it  moved  extremely  steadily  and 
without  the  least  fluttering,  as  I  have  seen  objects  in  a  horizontal  line  look 
through  a  reflector  in  a  calm  day,  and  a  shower  of  rain.  , 

N.  B.  Much  snow  fell  yesterday,  and  some  again  this  evening,  and  a  good 
deal  on  January  4th. 

Then  at  about  a  minute  after  its  entrance  I  bisected  it  with  the  fine 
screw,  and  then  the  index  stood  at  1,6. 

Then  Mr.  Graham  lay  down,  and  in  less  than  \  a  minute  after  it  passed 
the  cross  he  saw  the  star,  and  found  it  well  bisected. 

He  staid  till  it  went  out,  and  it  seemed  to  him  to  go  out  a  small  matter 
rather  to  the  left  hand  of  the  thread,  at  17h.  51'  44". 

At  10 h.  30',  examined  it,  and  adjusted  mark  to  the  plumbline  again  as 
before. 
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Then  index  stood  at  9,1. 

Suppose  index  at  9  In  the  time  of  the  star's  passing. 

17 
9 

8 

1,6 

9,6  by  which  the  star  seems  now  south  of  the  mark. 
At  2h.  30'  sidereal,  examined 

Trunk  on  10,6 

10,8  10,7 
10,8 

At  2h.  33'  32"  Cap.  Pers.  entered  distinct,  brought  it  on  the  thread  with 
fine  screw. 

Then  I  bisected  it  near  the  cross,  and  index  stood  at  5. 

Then  I  brought  back  the  mark  to  plumbline,  and  the  index  stood  at 

Trunk  off  10,0 
10,2 

10,2  10,2  10,5 

Trunk  on  10,2  10,7  5 

10,2  9  5,5+18  rev. 

Let  at  a  medium  10,5  l>e  the  number  at  which  the  index  stood  in  this 
observation. 

Then  the  distance  by  which  this  star  is  now  north  of  the  mark  is  18 
rev.  5",5. 

This  night  being  very  clear,  I  observed  from  about  5h.  30'  sidereal,  to 
6h.  20';  glass  true  to  the  plumbline. 

I  saw  no  stars  pass  bright  enough,  but  as  follows ;  and  of  them  but  one 
that  I  believe  would  bear  a  good  light. 

There  was  no  assistant  above,  so  I  did  not  try  what  light  any  of  them 
would  l>ear. 

5h.  36'  38"  went  out  not  very  bright  on  the  right. 

5h.  41'  18"  a  very  good  bright  one  comes  in  a  little  to  the  left  of  the 
thread.   Telescopica  in  auriga. 
5h.  44'  21"  it  went  out. 

5h.  46'  13"  one  not  so  bright  came  in  a  little  to  the  right  of  the  thread. 
5h.  49'  16"  it  went  out.   This  I  believe  would  bear  a  small  light. 


OBSERVATIONS  AT  KEW. 


141 


6h.  Oi  49"  a  very  bright  one,  quite  wide  to  the  left. 
6h.   4'  16"  it  went  out. 

1726,  January  7. 
At  2h.  15'  p.  m.  Mr.  Graham  here. 

A  hard  frost  ever  since  January  3d,  with  frequent  snows. 
The  wind  now  north-east,  hazy  air,  thin  white  clouds,  aud  there  seems  to 
be  still  much  snow  in  the  air,  very  calm. 
The  plumbline  exceeding  still. 

Adjusted  mark  to  plumbline  by  my  eye,  trunk  off,  and  then  index  at 
9,3. 

Adjusted  again  with  the  eyeglass  apparatus,  and  then  index  stood  at  9,1- 
Then  we  put  on  the  trunk  and  adjusted  it  again,  and  then  index  at 
9,0. 

Adjusted  it  to  the  mark  again  about  6h.  307  mean  time,  index  stood 
at  8,6. 

At  2h.  33'  41"  Cap.  Pers.  entered. 

Then  I  bisected  it  near  the  cross,  and  the  index  stood  at  2,4.  Mr.  Graham 
then  lay  down  and  saw  it  well  bisected. 

At  2h.  36'  44"  it  went  out,  a  small  matter  to  the  left  as  he  thought. 

Then  immediately  examined  and  adjusted  it  again,  and  the  iudex  stood 
at  9,4. 

Let  at  a  medium  9  be  the  number  at  which  the  index  stood  in  this 
observation. 

9,0 
6,6 

Then  the  distance  by  which  this  star  is  now  north  of  the  mark  is 
18  rev.  6",6. 

About  lOh.  mean  time  adjusted  it  to  the  mark  again,  then  index  at  9,7- 

5h.  41'  28"  a  bright  telescopic  in  auriga,  Anti-Draco  entered  to 
the  left  hand. 

Then  I  bisected  it  near  the  cross,  and  the  index  stood  at  5. 
Mr.  Graham  also  saw  this  star  truly  bisected ;  at  5h.  44'  SO"  it  went  out  a 
little  to  the  left. 

Then  brought  back  the  mark  to  the  plumbline,  and  it  stood  at  9,0;  and  to 
bring  it  thus  back,  I  turned  it  one  whole  revolution  +  the  difference  between 
the  numbers. 
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Let  9,3  be  the  number  of  the  index  in  this  observation. 

9,3 
-5,0 
4,3  + one  revol. 

Then  the  distance  by  which  this  star  is  now  north  of  the  mark  is  one 
revolution  4",3. 

1726,  Sunday,  January  9. 

Went  to  town. 

Wound  up  sidereal  clock,  and  it  lost  4"  or  5". 

1726,  Saturday,  January  15. 
Barometer  rising  fast  since  the  last  night. 

2h.  33'  50"  Cap.  Pers.  entered  sensibly  to  the  left  hand,  but  seemed  well 
bisected  at  the  cross,  and  then  went  off  sensibly  to  the  left  again,  index 
at  1,8. 

It  twinkled  and  fluttered  somewhat,  but  not  much. 
2h.  35'  22"  it  crossed. 
2h.  36'  53"  it  went  out. 

h-     /  ii 

2  34  59 
0  35  22 

23  too  fast. 

A  calm,  clear,  frosty  night.  Then  immediately  examined  it  by  the  plumb- 
line,  and  index  stood  at  10,1. 

10,1 
1,8 
8,3+ 

So  that  this  star  seems  now  north  of  the  mark  18  rev.  8",3. 

When  the  Telescopica  in  Auriga  passed  this  night,  it  was  cloudy. 

This  night  at  5h.  35'  sidereal,  adjusted  the  mark  to  the  plumbline,  and 
then  index  stood  at  9,3  the  trunk  on,  and  the  same  water  as  had  been  used 
since  January  3d. 

Then  I  changed  the  water,  and  at  6h.  15'  I  found  the  index  would  then 
stand  at  6,0.  I  took  off  the  plummet  and  put  it  on  again,  and  still  index  stood 
at  6,0. 

Then  I  took  off  plummet  again,  and  I  took  out  some  of  the  water,  so  as 
the  plummet  was  but  just  covered,  and  trying  it  again,  still  the  index  stood 
as  before  at  6,0. 
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I  note  this  to  shew  how  sudden  an  alteration  may  happen  in  about  half 
an  hour's  time,  for  I  judge  this  alteration  not  produced  by  changing  the 
water,  but  rather  by  a  change  of  the  weather,  which  was  in  effect  very  sud- 
den about  this  time,  it  having  been  a  very  clear  star-light  frosty  night  at  5b. 
sidereal,  and  before  6h.  the  weather  was  suddenly  very  sensibly  warmer  and 
quite  overcast. 

The  frame  that  carries  the  aperture,  with  the  late  damp  weather,  went  on 
this  night  too  stiff  and  tight,  possibly  therefore  some  alteration  may  have 
been  made  in  putting  on  the  aperture  this  night,  as  well  as  by  the  sudden 
change  of  the  weather  above  mentioned*1. 

1726,  February  2. 

Alone,  p.  m. 

h.    t  u 

3  40  30  library. 

1  12  51  moveable. 

1  23  21* 

u.   /  « 

4  16  00  library. 

1  39  25  moveable. 

1  23  25 

Twice  wound  up  sidereal  since  I  was  here.    Loss  about  5"  each  time. 

12  18  00  Giles  took  suns  centre  dubie. 
14  47 

3  13  library  too  fast. 

See  December  30th,  sidereal  gains  17"  in  9  days. 

January  15th,  it  was  too  fast  23 
Gain  in  18  days  about  34 

57  now  probably  too  fast. 
At  4h.  50'  mean  time,  2h.  SO7  sidereal,  hazy  or  so  light  I  could  not  see 
Cap.  Pers.   Found  index  at  6. 

<•  This  paragraph  is  in  the  handwriting  of  the  amanuensis  who  copied  out  the  description  of 
the  instrument  at  Kew. 

•  In  this  part  of  the  book  there  are  some  errors  in  calculating  the  differences  of  mean  and 
sidereal  limes,  but  it  seemed  best  to  leave  the  numbers  as  they  are  in  the  MS.  Likewise  in 
page  128,  line  3,  Y  29"  has  not  been  altered  to  ?  31",  because  Molvnetu  connected  the  raw  of 
the  clock  with  the  numbers  which  he  has  there  given. 
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Trunk  off  7,0 
7,1 
7,4 
7,2 

Trunk  on  5,6 
5,4 
5,2 
5,3 

Trunk  off  6,7 

Then  I  twisted  plumbline  four  or  five  times  round  and  found  no  alteration. 

These  differences  may  in  some  measure  arise  from  altering  the  east  and 
west  screw,  by  which  at  various  distances,  I  this  night,  for  the  first  time, 
I>eiTeive  a  sensible  parallax  may  be  made,  unless  at  all  times  the  axis  of  the 
eyeglass  is  exactly  truly  directed  to  the  plumbline. 

Library  clock  stopped  this  evening  at  six  o'clock ;  wound  it  up  and  set  it 
again  going.    And  then 

fa.     /  u 

9  17  30 
6  53  05 

1  U  25 

h.     /  // 

9  20  30 
6  56  06 

1  24  06 

1726,  February  3. 

Hazy,  foggy  morning. 

I  put  forward  library  clock  about  5'  at  noon  this  day. 

This  night  I  tried  again  to  make  a  parallax  sensible  by  various  distances 
of  the  plumbline,  and  I  found  I  always  could  perceive  it  sensible,  but  scarce 
sensible  when  the  spot  and  plumbline  appeared  exact  in  the  centre  of  the 
eyeglass. 

Hazy  at  5h.  p.  m.  no  Caput  Pers.  to  be  seen. 

AlHJUt  7h.  45'  p.m.  mean  time,  I  examined  the  instrument  by  the  plumbline 
carefully,  the  trunk  off,  it  being  a  very  clear,  fine,  calm  night,  freezing,  but 
not  very  hard,  barometer  rising.   Index  stood  at  5,0. 

At  5h.  34'  46"  the  Telescopica  in  Auriga  entered  on  the  left,  and  moved 
along  without  twinkling,  very  steady,  and  rather  methought  dimmer  than 
when  I  saw  it  before. 
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5h.  36?  17"  it  passed  the  cross,  aud  thereabout  I  distinctly  bisected  it,  and 
then  index  stood  at  13,4. 
5h.  37'  48"  it  went  out. 

Then  I  examined  it  again  both  with  the  trunk  off  and  on,  and  then  at  a 
medium  of  six  trials,  none  differing  half  a  second,  the  index  stood  at  5,5. 
Let  5,3  be  the  number  of  the  index  in  this  observation,  then 

5,3  or  17 

-18,4  -13,4 

8,9  plus  one  revolution  3,6 

+  5,3 

so  that  the  distance  by  which  this  star  seems  now  north  of  the  mark  is  one 
revolution  8",9. 

My  servant  will  not  own  it,  but  I  believe  he  let  the  clock  go  down  in  the 
black  room,  and  set  it  again  falsely. 

This  night  I  have  put  it  forward  al>out  7',  and  now  it  shews  very  nearly 
true  sidereal  time. 

1726,  Friday,  February  4.     a.  m. 

8  33  00  library. 

6  16  15  moveable  sidereal. 

2  16  45 

N.  B.  Library  is  now  &  28"  too  slow. 
Sidereal  nearly  shewing  sidereal  time. 

This  correction  arises  from  having  mistaken  the  day  of  the  month,  and 
must  be  made  in  the  other  book  as  well  as  here. 

1726,  Saturday,  February  12.     p.  m. 

The  mean  or  library  clock,  Giles  found  at  noon  this  day  1'  16"  too  slow, 
and  it  gains  now  about  10"  per  diem. 

By  his  account  the  sidereal  gains  about  S'  50"  every  day  of  the  mean 
clock,  wherefore  it  gains  every  day  of  sidereal  time  about  4". 

On  the  4th  of  February  sidereal  shewed  very  nearly  sidereal  time,  so  that 
it  is  now  about  32"  too  fast. 

About  7h.  15'  mean  time,  5h.  15'  sidereal :  this  night  a  strong  north  wind 
blowing,  I  adjusted  the  instrument  as  well  as  I  could  as  follows : 

u 
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The  trunk  off  .5,3  The  trunk  on  5,0 

5,6  5,8 

5,7 

24 

6)38(6        Medium  5,6 
36 

At  5h.  30'  10"  it  was  exceeding  bright  and  clear,  a  pretty  bright  one 
passed  on  the  right  hand. 

5h.  31'  21"  this  went  out. 

About  3  or  4  minutes  after,  several  pretty  bright  ones  to  the  left,  and 
some  on  the  right  hand. 

Then  clouds  often. 

5h.  42'  10"  Telescopica  in  Auriga  entered. 

5h.  43'  43"  it  passed  well  bisected  at  the  cross  dubie  through  thin  clouds. 
So  that  liefore  and  at  the  time  of  the  transit,  and  after  it,  I  could  not  see  it 
distinctly,  and  frecpiently  lost  sight  of  it  quite.  So  that  I  judge  this  to  be  no 
very  good  observation,  though  I  think  it  cannot  err  much.  At  the  transit, 
index  stood  at  13,5. 

Then  I  examined  it  again  as  follows;  the  wind  blowing  hard,  so  that  I 
could  not  make  the  plumbline  settle  very  steady  by  any  means. 
Trunk  off  5,4  Trunk  on  5,5 

5,8  5,7 
6,0  5,5 

17 

6)39(6J  Med.  5,6 

Let  5,6  be  therefore  the  number  of  the  index  in  this  observation,  then 
5,6 

-13,5  the  star  appearing  to  the  left  of  the  thread. 
9,1+ one  revolution. 

So  that  the  distance  by  which  this  star  seems  now  north  of  the  mark  is  one 
revolution  9",1- 

1726,  Sunday  morning,  February  13. 

Cold  morning,  wind  strong,  north-east,  clear,  but  some  thin  flying  dirty 
clouds,  7h.  00'  mean  time. 
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Trunk  on  4,8  Trunk  off  4,5 

4,9  4,7 
+.7  4,6 

24  18 

24 

6)42(7       Med.  4,7 

At  5h.  49'  43"  Cap.  Dracouis  came  in  quite  wide  to  the  right  hand,  seem- 
ingly north  of  the  thread,  but  really  south  thereof.  It  appears  but  dull,  and 
sometimes  the  thin  clouds  flying  over  the  zenith  took  it  quite  from  my 
sight.   It  fluttered  a  little,  and  twinkled  sensibly  at  times. 

At  5h.  50'  45"  I  bisected  it,  and  it  was  very  clear  and  distinct. 
5h.  51'  14"  it  passed,  and  seemed  well  bisected. 
5h.  52'  46"  it  went  out  very  dull  and  cloudy. 

When  it  was  bisected  the  index  stood  at  7,1 ;  but  to  bring  it  there  I  had 
turned  the  screw  alx>ve  one  whole  revolution,  increasing  the  numbers,  the 
snout  being  to  be  brought  northward. 

At  7h.  45'  mean  time,  examined  it  again  as  follows: 

Trunk  off  0,4  Trunk  on  6,0 

C,2  6,0  4,7 

6,3  6,0  6,1 

9  ~0~  10,8    1  =  5,4 

9 

6)9"(1 

Let  5,4  be  the  number  shewn  by  the  index  in  this  observation,  then  the 
star  appeariug  to  the  right  hand  of  the  thread,  deducting  5,4  from  7,1 
remains  1,7,  whereby  this  star  appears  now  south  of  the  mark  over  aud 
above  one  whole  revolution. 

From  this  day's  observations,  and  that  of  the  3d  of  January,  of  this  star,  I 
suspect  that  there  is  an  extraordinary  diurnal  refraction  in  the  air,  all  the 
observations  of  the  other  stars,  viz.  Cap.  Pcrsei  and  the  Telescopica  in  Au- 
riga, which  have  been  made  in  the  nighttime,  agreeing  very  well,  and  being 
very  consistent  among  themselves.  But  this  must  be  determined  by  farther 
observations,  and  whether  it  may  not  depend  ou  the  sun  or  moon's  place,  or 
any  other  regular  cause. 

At  7h.  10'  mean  time,  p.  in.  I  examined  the  instrument  and  brought  it 
true  to  the  plumbline. 

Theu  I  brought  it  one  revolution  and  9"  northward,  as  the  instrument 
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stood  last  night  when  the  Telescopica  in  Auriga  passed,  and  I  waited  for  the 

entrance. 

It  was  so  cloudy  I  could  not  see  it  pass,  nor  entering,  nor  going  out. 
When  it  was  about  half-way  passed  the  cross  I  saw  it  for  an  instant  bi- 
sected, as  I  thought,  but  not  long  enough  to  make  any  exact  observation ; 
however,  I  am  sure  I  cannot  err  not  even  in  this  coarse  observation  more 
than  2"  or  3". 

1726,  February  20. 
A  clear  evening,  freezing,  north-west  wind. 
Trunk  off  9,8 
9J 
JM 

3)28,9(9,6  9,6  index  afore  transit. 

27 

1,9 

At  5h.  36'  15"  a  bright  one  passed  to  the  left  hand. 

At  5h.  44'  22"  Telescopica  in  Auriga  passed  well  bisected  at  the  cross, 
index  at  16,6. 

The  star  glared  and  fluttered  much,  and  sometimes  I  fancied  it  looked  to 
have  a  double  glare,  as  if  there  were  two. 
At  5h.  45'  53"  it  went  out  towards  the  left  side  of  the  thread. 
Then  immediately  examined  it  again,  and  found  the  index  thus : 

Trunk  off  8,5 

8,3  8,3 
8,1  9,6 

3)24,9(8,3  2)17,9(8,9 

14 

Let  then  8,9  be  the  number  of  the  index  in  this  observation,  then 

8,9 
-16,6 

9,3+ one  revolution, 
by  which  this  star  now  seems  north  of  the  mark. 

•  The  second  and  third  line*  hare  been  corrected,  the  Dumber*  originally  wfere  8.3 
1 4  and  1 ,6  ought,  therefore,  to  have  been  erased.  7,3 

2)15,6(7,8 
14 

~i7 
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1726,  Saturday,  March  5. 

Mr.  Bradley  here. 

The  sidereal  clock  was  too  fast  about  1',  February  13th;  in  18  days  I  judge 
it  hath  gained  about  1'  12",  so  it  may  be  now  about  2\  minute  too  fast. 

1726,  Sunday,  March  6. 

Mr.  Bradley  rose,  and  at  5h.  SC  mean  time,  adjusted  the  instrument,  a 
very  calm,  fine,  clear,  frosty  morning,  north  wind. 

Trunk  on  11,3  Trunk  off  11,2 

11,2 
11,2 

At  5h.  51'  12"  Cap.  Draconis  entered  quite  wide  to  the  right  hand. 

At  5h.  52'  44"  it  passed  well  bisected  at  the  cross,  and  to  bring  it  there 
Mr.  Bradley  was  obliged  to  turn  the  screw  one  whole  revolution,  and  from 
11,2  to  15,3.    It  twinkled  much  and  looked  very  bright. 

At  5h.  54'  16"  it  went  out  a  small  matter  to  the  left  as  usual. 

Then  adjusted  it  to  the  plumbline  again,  and  the  index  stood  at 

11.2  Trunk  off. 

11.3  Trunk  on  again. 

Let  11,3  be  the  number  of  the  index  in  this  observation.  Then  deducting 
11,8  from  15,3  remains  4,0;  whereby  this  star  appears  now  south  of  the 
mark  +  one  whole  revolution. 

He  reckons  this  a  very  true  and  exact  observation. 

17  52  44  Time  of  passage  March  Gth. 
17  50  12  11.  A.  Cap.  Draconis. 

—    2  32  Error  Hor.  now  too  fast,  and  it  now  gains  about 
five  seconds  a  day  of  sidereal  time. 

1726,  Saturday,  March  19. 
Sh.  p.  m.  came  down  alone. 

2  32  sidereal  too  fast,  March  Gth. 
1  05  gain  in  13  days. 

3  37  clock  now  probably  too  fast. 

At  3h.  SC  stopped  it  4'.  So  now  it  is  about  20"  too  slow. 

I  found  a  scum  on  the  inward  surface  of  the  glass,  and  Giles  says  since 
the  6th  it  never  hath  been  without  one ;  and  that  sometimes  it  hath  stood  as 
it  were  in  drops  of  rain,  the  snout  and  eyeglass  on  since  the  6th  always. 
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Then  I  took  off  that  snout  and  put  on  the  sarsnet  snout  immediately,  and 
left  it  so. 

Half  an  hour  after  there  seems  to  be  no  alteration,  but  the  scum  or  dew 
on  the  inside  looked  as  before. 

In  an  hour  it  grew  smaller,  and  a  white  circle  round  it. 

In  less  than  two  hours  it  was  almost  quite  gone,  the  spot  not  being  above 
\  of  what  it  was  at  first,  and  what  remains  looks  much  more  diluted,  thinner, 
and  scarce  visible.  The  barometer  altered  in  this  time  not  above  Tz  of  an 
inch. 

In  two  hours  and  a  half  the  glass  was  quite  entirely  clear  and  black,  not 
the  least  dew  or  sign  thereof  remaining. 

1726,  Sunday,  March  20. 

8h.  11'  sidereal  time.  About  this  time  a  pretty  bright  star  passed  near  the 
centre  of  the  glass,  just  bears  the  light. 
None  after  till 

Bh.  45'  10"^  a  double  star  wide  to  the  right  hand,  the  last  the  brightest 
19"  )     bears  light  well. 

8h.  46'  15"  one  not  so  bright,  but  bears  light ;  to  the  left. 

8h.  51'  44"  a  very  bright  one,  Telescopica  in  Ursa  Major,  bears  the 
strongest  light.  I  bisected  it  at  the  cross,  and  index  stood  at  7,1;  and  the 
mark  was  got  to  the  right  hand,  that  is,  south  of  line. 

Then  immediately  I  brought  it  back  to  the  plumbUne,  and  then 

index  stood  at  12,0 
from  which  deduct  7,1 

Remains  4,9  by  w  hich  this  star  is  now  north  of  the  mark. 

While  I  observed  this  star,  which  appeared  very  distinct,  strong,  and 
bright,  with  the  utmost  light  we  could  give,  I  caused  the  north  and  south 
half  of  the  object-glass  to  be  alternately  covered,  and  still  the  star  seemed  to 
move  perfectly  true  along  the  thread. 

At  9h.  31'  sidereal  time,  I  began  again  to  observe. 
9h.  39'  48"  a  bright  one  to  the  right  hand. 
9h.  44'  25"  another  bright  one  somewhat  more  to  right  hand. 
9h.  47'  47"  a  small  one  but  just  visible,  with  weakest  light  at  the 
centre,  can  scarce  be  useful. 

10 h.  05'  left  off  observing. 
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1726,  Monday  morning,  March  21. 
I  rose  before  day  break,  it  being  a  clear  morning.    It  grew  somewhat 
foggy  before  the  star  came.  Alnmt  16b,  50'  mean  time,  <>r  a  little  before  5h. 
in  the  morning,  I  adjusted  the  instrument  as  follows;  trunk  off,  very  still, 
calm  morning. 

10.0  10,1 

10.1  then  I  took  out  plummet  and  Irving  it  Again  found  10,1 
10,4  10,0 

The  medium  of  these  6  is  10,1. 

At  17h.  4T7  48"  sidereal  time,  Cap.  Draconis  came  in  very  refulgent,  I 
observed  it  without  a  light,  the  hairs  being  sufficiently  illuminated  by  the 
strong  twilight.  It  fluttered  much.  It  came  in  to  the  right  hand  of  east  and 
west  thread.  I  bisected  it  at  about  a  minute  after  its  entrance,  and  it  passed 
well  bisected  at  the  cross,  index  at  14. 

As  soon  as  it  was  passed,  I  caused  my  servant  above  to  breathe  upon  the 
object-glass,  and  I  could  see  no  other  effect  from  thence,  but  that  the  star 
looked  a  little  fainter  and  dimmer.  I  directed  him  to  blow  again,  and  then 
it  looked  still  dimmer  and  weaker,  but  it  run  still  exactly  true  along  the 
thread.  He  breathed  a  third  time,  and  this  almost  quite  effaced  the  star,  so 
that  for  a  second  or  two  I  could  not  see  it  at  all;  then  I  spied  it  again,  and 
he  breathing  no  more,  I  found  it  begun  to  recover  its  light  and  grew  brighter 
and  brighter,  still  running  truly  bisected  on  the  thread;  when  it  was  about 
12"  or  15"  from  going  out,  it  looked  as  bright  as  at  first. 

At  5h.  50'  51"  it  went  out  rather  to  the  left  hand. 

Then  I  instantly  examined  it  again,  and  found  the  mark  was  quite  wide  of 
the  plumbline  to  the  north,  that  is,  to  the  left  hand. 

To  bring  it  true  again,  I  was  obliged  to  turn  the  screw  one  whole  revo- 


lution, and  from  14  by  13  to 


11,5 

11,7 
11,0 


Med.  -  -  11,4 

Med.  before  the  transit  10,1 

Let  10,7  be  the  number  of  the  index  at  this  observation,  then  deducting 
10",7  from  14",0  remains  3",3;  whereby  this  star  appears  now  south  of  the 
mark  plus  oue  whole  revolution.   If  there  was  any  error  in  this  observation, 


Digitized  by  Google 


OBSERVATIONS  AT  KEW. 


it  was  that  the  14  should  lx>  rather  less  than  more,  which  would  bring  the 
star  still  less  south  of  the  mark. 

fa.   /  » 

Time  of  stars  passing  this  day  was  17  49  19 
Star  It.  Ar.  is  -  -       17  50  10 

51  clock  too  slow  this  21st  of  March. 

1726,  March  22. 
Observation  made  by  Mr.  Graham ». 

The  morning  very  clear,  I  found  the  index  at  11,7.  After  I  had  taken  the 
plummet  out  of  the  water  and  put  it  in  again,  the  index  stood  as  follows : 

12,5 
12,5 
12,6 
12,7 

The  last  of  these  was  about  10'  before  the  star  entered  the  glass ;  the  star 
entered  at  5h.  47'  48",  it  was  very  bright,  and  soon  after  its  entrance  I 
bisected  it,  and  when  it  wanted  about  a  minute  of  the  cross,  I  desired  Giles 
to  observe  what  the  index  stood  at,  and  then  moved  the  screw  sometimes 
one  way,  sometimes  the  other,  to  try  within  what  limits  I  could  determine 
an  alteration  in  the  bisection ;  from  which  trial  I  judge  there  may  be  an 
error  of  near  a  second  arising  from  the  light  of  the  star  diffusing  itself  on 
each  side  the  thread.  A  few  seconds  before  it  came  to  the  cross  I  bisected  it 
as  exactly  as  I  could;  it  moved  along  the  thread  without  any  fluttering, 
passed  the  cross  at  5h.  49'  21",  left  the  glass  at  5h.  50'  52"  inclining  sensi- 
bly to  the  left  hand.  The  index  I  found  was  at  15,3  when  it  was  bisected  at 
the  cross.  The  observation  being  over,  I  hung  on  the  plummet  again,  and 
the  index  stood  as  follows : 

11,3 
11,2 
11,1 
11,1 

The  medium  before  the  transit  is  12,6 
After  the  transit  -  -  11,2 

The  medium  at  the  transit  -  11,9  the  difference  between  this  and  the 
star,  1  rev.  and  3,4  or  20",4. 

«  This  day's  observation  is  in  the  handwriting  of  the  amanuensis. 
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1726,  Saturday,  March  26. 
Wry  clear  and  cabn.   Mr.  Hadley  here  with  me. 
Trunk  off  14,8 

14,5  Med.  14,5 

14,5 

At  8h.  50'  23"  Telescopica  iu  tTrsa  Major  came  in  to  the  left,  very  dim. 
A  haze  upon  the  glass,  but  not  great. 

8h.  51'  55"  it  passed  well  bisected.  Index  at  9,5. 

Trunk  off  15,5 

15,3  Med.  15,2 

14.7  14,5 

14,8 

Let  14,8  l>e  the  number  of  the  index  in  this  transit,  then  deduct  from 
14,8  this  nuinl>er  9,5.  remains  5,3  by  which  this  star  is  now  north  of  the 
mark. 

1726,  Sunday,  March  27. 
Very  clear  and  calm  fine  night. 

Trunk  off  15,4 

15.8  Mid.  15,6 
15,7 

At  8h.  50'  25"  Telescopica  in  L'rsa  Major  entered  to  the  left  of  the  thread, 
it  looked  brighter  than  last  night,  and  moved  very  steady. 
8h.  51'  56"  it  passed  well  bisected.  Index  at  10,7. 
8h.  53'  27"  it  went  out  a  little  to  the  left. 

Trunk  off  adjusted  again  15,5 

15,4  Med.  15,6 

15,8 

Let  15,6  be  the  number  of  the  index  in  this  transit,  then  deducting  10.7 
from  15,6.  remains  4,9  by  which  this  star  is  now  north  of  the  mark. 

This  day  and  yesterday  a  very  great  dew  was  olwerved  on  the  inside 
of  the  object-glass,  though  the  bottom  of  the  tuhe  was  opened,  and  left  so 
some  hours.  The  heat  of  the  sun  which  now  commands  the  roof  is.  I  fear, 
the  reason  of  it.  I  believe  we  must  make  holes  above. 

The  warmth  of  one's  hand  applied  near  the  object-glnss,  yet  not  so  as  to 
touch  it,  will  take  off  this  dew  in  a  few  minutes. 

At  9h.  05'  07"  a  bright  star  passed  to  the  right,  bears  light  well. 

x 
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At  9 h.  19'  27"  another  not  so  bright  to  the  right  hand,  hardly  visible 
with  light. 

9h.  83'  left  off  observing. 

1726,  Saturday,  April*. 

With  Mr.  Bradley. 

Found  a  great  dew  on  the  inside  of  the  glass,  and  Giles  says  it  hath  been 
on  and  off  several  times  since  I  was  last  here.  A  linen  cloth  wanned  will 
take  it  off  at  any  time,  being  laid  on  the  outside  of  the  glass,  but  not  so  soon 
as  the  hand.  I  took  it  off  in  5  or  6  minutes,  holding  my  hand  over  the  glass, 
the  inusliu  snout  hath  been  on  and  the  water  under  ever  since  I  was  here. 

We  were  desirous  to  examine  whether  there  might  not  some  cobwebs  ad- 
here to  the  plumbline;  to  try  this,  it  lieing  a  very  calm  day,  we  let  down  by 
a  fine  silk  a  small  bit  of  lead  put  round  the  wire  about  2  tenths  of  au  inch 
diameter,  and  about  an  inch  long;  it  came  down  very  easily;  but  when  we 
went  to  draw  it  up  again,  the  silk  had  twisted  round  the  wire,  so  that  it 
would  not  go  up  again ;  this  obliged  us  to  cut  the  silk  above,  and  draw  it 
downwards.  It  was  so  twisted  round  the  wire  it  stuck  very  much  to  it,  and 
we  could  hardly  get  it  down  again ;  however,  pulling  it  gently,  and  giving  it 
time  to  loose  and  unwind  itself,  it  came  down  at  last  without  any  damage 
done ;  we  examined  it  immediately  afterwards  by  the  mark,  as  we  had  done  - 
before,  and  we  could  not  perceive  the  least  sensible  alteration. 


At  17  h.  43'  41"  a  bright  star  passed  wide  to  the  right  hand. 

17h.  44'  20"  this  star  went  out,  bears  light  well. 
Then  came  in  a  small  star,  as  I  judge  about  20"  to  the  left  of  the  thread, 
and  it  passed  about  the  time  as  Cap.  Draconis  entered. 

17h.  48'  13"  Cap.  Draconis  entered  on  the  right,  very  bright. 
17h.  49'  43"  it  passed  well  bisected,  index  at  1,3. 
17h.  51'  15"  it  went  out,  inclining  as  usual  to  the  left  hand. 
Examined  h  it  immediately  after,  and  found  the  mark  wide  to  the  left  or 
north  of  plumbline. 

h  The  edge  of  tlie  paper  is  torn  off  here ;  but  the  word  which  is  lost  appears  to  have  begun 
with  ex,  and  it  certainly  ended  with  d. 


1726,  Wednesday  morning,  April  6. 
Before  day  I  rose,  at  8h.  a  very  clear  calm  fine  morning. 


time,  about  15'  Iteforc 
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To  bring  back  I  turned  one  whole  revolution,  and  from  1,3  by  0  to 
16,0-j 

16,1  I  Medium  as  before  the  transit  16,2 
16,3  f  which  deducted  from  17,0 

16,1  J  leaves  8~ 

Add  1,8 

2,1  by  which  the  xiar  aj>- 
I  ii.  it'-  now  south  of  the  mark+one  revolution,  being  just  19",1. 

The  twilight  was  not  sufficient  to  shew  tlie  threads,  so  that  this  was  the 
first  observation  made  in  the  night,  and  by  the  light  of  the  lamp  above. 

1726,  Thursday,  April  7. 

At  8b.  30'  a  very  clear  calm  morning. 

Trunk  off  0,4 

0,6  0,5 

0,5 

17h.  43'  04"  bright  star  wide  to  the  right  hand  entered. 
17h.  43'  41"  it  passed. 
17h.  44'  20"  it  went  out. 

17h.  49'  44"  Caput  Draconis  passed  well  bisected,  index  at  1,8. 

Trunk  off  0,2 

0,0  .Med.       -       -  0,0 

16,8  Med.  before  transit  0,5 

Mid.  0,2  which  deducted  from 
1,8 

leaves  1 ,6  by  which  this  star  seems 
now  south  of  the  mark  +  one  whole  revolution,  being  18  ,6. 

1726,  Tuesday,  April  12.j 

10b.  18'J  sidereal  time,  began  to  observe.    From  which  time,  until 
10b.  34'  no  stare  appeared. 

At  lOh.  35'  17"i  a  bright  one  passed  quite  wide  to  the  left,  and  bears 
light  well. 

10  b.  3rj  12'£  it  went  out. 

1  The  entries  for  April  12  and  14  are  written  by  the 
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At  10b.  49'  23"  one  passed  on  the  left  hand  just  out  of  reach,  and  bears  a 
small  light. 

lOh.  50'  43"  it  went  out. 

lOh.  57'  40"  a  small  one  passed  wide  to  the  right  hand,  and  just  bears 

light. 

lOh.  58'  S5"£  went  out. 

11  h.  04'  33"  one  went  out  to  the  right  hand  just  out  of  reach,  and 
hardly  bears  light. 

lib.  32*  50"  a  very  small  one  passed  quite  wide  to  the  right  hand, 
and  scarce  bears  the  weakest  light 

lib.  33' 45"  it  went  out. 
At  llh.  48'  00"  left  off  observing. 

1 726,  Thnrstlay  morning,  April  1 4. 
Before  day  light  about  Sh.  10'  mean  time. 

The  air  seemed  this  morning  to  be  very  damp  and  hazy,  with  thin  white 
watery  clouds  overspreading  the  whole  sky. 

This  morning  I  made  use  of  the  small  aperture  for  the  first  time,  the  short 
diameter  about  an  inch. 

Trunk  off  1,1  *j 

1,8  I  Mod.  1,4. 
1,3  J 

Wliat  with  the  cloudiness  of  the  sky  and  the  smallness  of  this  aperture  I 
could  hardly  perceive  the  small  stars  which  precede  Cap.  Drac.  as  may  \te 
seen  in  former  observations  of  the  6th  and  7th  instant. 

At  5h.  48'  22"  Cap.  Draconis  entered  sensibly  to  the  right  hand,  as  usual, 
though  uow  sensibly  less  than  before. 

5h.  49'  52"  it  passed  well  bisected,  and  then  1  found  I  had  turned  the 
graduated  screw  near  one  whole  revolution,  and  the  index  stood  at  0,7. 
5h.  50'  23"  it  went  out. 

The  star  in  its  transit  danced  and  fluttered  about  vastly  more  than  ever 
I  saw  it,  insomuch  that  I  could  sometimes  see  the  whole  body  of  the  star  on 
the  one  side  of  the  thread,  and  instantly  afterwards  upon  the  other  side ;  so 
that  I  look  upon  it  there  may  be  an  error  of  a  second  at  least  in  this  ob- 
servation, if  not  more. 

Immediately  after  I  examined  it  again, 
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Trunk  off  0,8^ 

1,0  >  Med.  0,9 

O.sJ  1,4  Medium  above. 

1,1  Medium  of  both. 
—0,7  Index  when  star  on  cross. 

~oT 

which  added  to  17,0 

17,4  by  which  this  star  appears  now  south  of  the 
mark . 

1726,  Monday  morning,  April  18. 

Calm  morning,  about  3b.  mean  time.  I  was  called  too  late,  and  had  but 
just  time  to  lie  down  under  the  glass  and  found  the  star  already  entered, 
and  almost  arrived  at  the  cross;  I  made  the  following  observation  hastily 
and  in  a  hurry.    Star  moved  very  true,  and 

At  5h.  49'  44"  it  passed,  and  I  bisected  it  as  soon  after  as  I  could,  and 
index  stood  at  1,0. 

5h.  51'  16"  it  went  out  to  the  left. 

Examined  immediately  the  instrument,  trunk  off,  and  found  at  a  medium 
of  four  trials, 

index  at  0,5 
deducted  from  1,0 

leaves  0,5 

which  deducted  from  17,0 

leaves  16,5  by  which  this  star  is  now  south  of  the  mark. 

1726,  Friday  night,  April  22. 

I  sat  up  this  night,  for  the  first  time,  until  the  time  of  the  transit  of 
Caput  Draconis ;  so  that  this  is  the  fifth  revolution  of  the  star  from  the  18th 
instant.    I  used  the  small  aperture. 

I  kept  at  the  glass  from  about  8h.  31'  sidereal  time,  till  Draco  came  in; 
there  were  frequent  thin  flying  clouds,  so  that  I  am  not  sure  I  saw  all  the 
stars  which  passed,  but  two  small  ones  I  thus  observed. 

4h.  25'  08"  sidereal  time,  a  small  star  (ad  boreum  pedis  Herculis  in- 
fonnium  praecedetis  telescopica)  entered  on  the  left.  I  bisected  it  on  the 
cross,  and  index  stood  at  6,0.    To  bring  it  again  true  to  plumbline,  I  was 
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obliged  to  turn  it  two  revolutions,  and  to  16,6 ;  so  that  this  star  is  now 
44,6;  two  revolutions  10,6  north  of  mark. 

4h.  42'  10"  another  (ad  boreum  pedis  Herculis  informium  sequens  te- 
lescopica)  came  in  wide  to  the  left.  I  bisected  this  also  at  the  cross,  and 
index  stood  at  14,7.  To  bring  it  back  to  plumbline,  turned  it  14  revo- 
lutions, and  from  14,7  to  16,6;  so  that  this  star  is  now  14  rev.  1",9  north 
of  the  mark. 

4h.  45'  11"  another  brighter  star  passed  south  of  the  last,  I  believe  within 
reach. 

About  5h.  22'  sidereal  time,  two  bright  ones  passed,  but  I  did  not  observe 
them. 

5h.  44'  20"  qua;  praecedit  Cap.  Drac.  went  out  south. 
5h.  48'  13"  Cap.  Draconis  entered  on  the  right  hand. 
5h.  49'  43"  it  passed  well  bisected,  index  at  14. 

Index  before  the  transit  16,6 
Index  after         -       -  17,1 


[This  is  the  original  journal  of  the  observations  made  at  Kew  with 
the  parallactic  instrument ;  but  the  next  page  having  been  before 
wrote  upon,  as  some  of  the  following  are  likewise,  Mr.  Molyneux 
got  a  new  book  and  had  the  contents  of  this  transcribed,  and  then 
gave  me  this,  together  with  his  description  of  the  instrument, 
with  leave  to  publish  it  as  I  thought  proper.    J.  Bradley*.] 

k  Rather  more  than  half  the  book,  marked  K.  14,  is  occupied  on  one  side  of  the  page*  bv  » 
catalogue  of  fixed  stars,  and  some  tables  of  reduction.  Molyneux  began  at  the  other  end  to 
enter  his  observations  at  Kevr,.l>ut  when  he  had  come  to  this  part,  where  most  of  the  left  hand 
pages  were  occupied  by  what  had  been  formerly  written  on  them,  it  appears  that  he  procured 
and  used  another  observation-book.  This  has  not  been  met  with  |  but  Bradley  alludes  to  it  in 
the  beginning  of  some  memoranda  which  he  has  written  in  the  second  and  third  pages  of  K.  14. 
These  memoranda  are  no  longer  of  any  importance  in  themselves,  but  they  are  inserted  here  that 
the  present  publication  may  be  more  complete.  The  remarks  on  the  velocity  of  light  are  curious 


Med.  1G,S 
17,0 


14,2  by  which  this  star  is  now  south  of  the  mark. 
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[The  following  account  of  the  observations  made  at  Kew  with  the 
parallactic  instrument,  is  transcribed  from  the  book  (wherein  they 
are  entered  as  they  were  made)  which  is  a  copy  of  this  as  far  as 
to  April  22,  1726.] 

1726,  April  28. 

Mr.  Graham  fixed  on  the  new  steel  piece,  for  the  end  of  the  graduated 
screw  to  bear  upon. 

Before  we  put  it  on,  the  index  stood  at  2,5 

f2,l 

after  it  was  on  wc  found  it  thus  -       -I  2,3 

1 2,3 

then  moved  plumbline  only ;  -  -  2,3 
moved  both  plumbline  and  screw  .  2,4 
lifted  up  plumbline  and  moved  the  screw  2,2 
the  same  repeated      ....  2,3 

Finding  the  pasted  paper  above  too  stiff,  we  eased  it  this  day  from  the  tube ; 
and  we  raised  the  whole  tube  by  the  screws  above  about  iV  inch,  the  irons 

its  connected  with  the  present  inquiry :  but  they  do  not  indicate  that  the  writer  was  at  all  aware 

of  the  conclusions  which  Bradley  deduced  from  it.    The  whole  is  as  follows: 

•*  In  the  two  first  pages  of  the  book,  which  the  observations  entered  in  this  till  April  22,  1726, 

"  were  transcribed  into,  I  find  the  following  memoranda : 

b.     i  ii 
"  Draco.  17  50  10 

«  Per*.      2  34  59 

"  I  '=T  n  '■'  r  of  an  inch  exact  on  a  radius  24  feet  3,15  inches. 

"  Dubie.  The  thread  under  ...'.t,  of  an  inch =2$  seconds. 

"  Exact.  The  first  plumbline  ,  j ,  of  an  in<  h=2£  seconds. 

••  The  new  one  of  June  6th,  about  ^  of  an  inch ;  above  3  seconds. 

"  When  numbers  lessen,  top  of  stack  of  chimneys  hath  gone  southward. 

*'  Parallax  30".  Light  coming  7 1  days  from  the  fixed  stars. 

"  Diameter  of  Mag.  orbis  75  millions  of  miles. 

"  Diameter  of  Saturn's  orb  700  millions  of  miles. 

"  Distance  of  the  fixed  stars  13750  times  the  mean  distance  of  the  sun ;  6875  times  the  dia- 
'•  meter  or  the  Mag.  orbis  ;  above  700  times  the  diameter  of  Saturn's  orb.  So  that  Saturn  is  al- 
"  wavs  above  1400  times  farther  from  the  nearest  fixed  stars  than  from  the  sun.  And  the  in- 
"  fluence  of  such  star,  in  respect  to  the  influence  of  the  sun  at  Saturn,  cannot  be  above  one  in 


"  Distance  of  the  fixed  stars  in  miles  1 03 1 000000000,  which  is  above  a  million  of  million  of 
miles.  A  number,  which  to  count  from  unity  at  3  units  in  a  second  minute,  and  12  hours  in 
1  a  day,  would  take  above  one  and  twenty  thousand  years  to  tell. 
«  The  diameter  of  the  earth  7846  i 
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above  having  by  degrees  settled  a  little.  We  concluded  this  day  to  make 
the  pulleys  go  easier '. 

Mr.  Graham  observed  the  small  star,  ad  bor.  pedis  Hercul.  informium 
praeeedens  teleseopica,  which  entered  about  4h.  25'  sidereal  time.  At  the 
time  of  the  transit  index  stood  at  7 ;  having  altered  the  screw  about  2  revol. 
and  examining  it  after  the  transit,  he  found  it  stood  at  2,2;  this  was  one  of 
the  stars  I  observed  last  night. 


At  about  4h.  42'  sidereal  time,  the  other  small  star  observed  last  night. 
Here,  infor.  sequ.  was  in  the  glass,  index  at  transit  stood  at  15,9;  and  after 
transit,  having  turned  the  screw  above  14  revol.  it  stood  at  2,0;  so  that  this 
star  is  8*1  and  14  rev.  north  of  the  mark. 

At  about  5h.  49'  sidereal  time,  Caput  Drac.  entered. 


The  medium  before  and  after  is  2,0;  which  deducted  from  15,1  leaves 
13",1;  by  which  this  star  is  now  south  of  the  mark. 

"  By  diurnal  rotation  it  move*  ubout  1000  miles  in  an  hour,  and  about  23540  miles  in  a  day. 

"  By  annual  about  616434  in  one  day,  which  i>  about  27  time*  as  fast  as  diurnal  motion,  and 
"  is  about  2.">60l  mile*  in  an  hour,  and  about  42"  miles  in  a  minute.  [This  is  wrote  in  Mr. 
"  Gray's  hand.] 

"  Light  goes  in  a  second  about  one  diameter  of  the  earth,  and  in  about  7  or  8  minutes  one 
"  diameter  of  Mag.  orb. 

"  The  velocity  of  light  to  the  velocity  of  the  earth's  annual  motion  is  as  I35.r>00  to  6,  which  is 
"  about  80000  times  faster. 

'•  Light  of  stars  may  not  arrive  at  the  atmosphere  with  so  great  velocity,  for  this  is  probably 
"  greatest,  being  deduced  from  velocity  of  sun's  light. 

"  If  there  be  no  sensible  parallax  in  the  fixed  stars,  they  must  be  above  30  millions  of  millions 
"  of  miles  off.  A  number,  which  to  count  twice  as  fast  as  above,  would  take  up  above  300  thou- 
'•  sand  years  to  tell.  [This  is  wrote  in  Mr.  Molvneux  s  hand.]" 

1  This  first  paragraph  had  been  previously  inserted  by  Molyneux;  but  having  placed  it  imme- 
diately after  April  18,  without  leaving  space  fur  the  observations  of  the  22d,  he  drew  his  pen 
across  it,  and  added  as  a  memorandum,  "  transpose  this  to  its  proper  date.'" 


17 
-7 


10 

2,2 


12,2  +  2  rev.  by  which  this  star  is  north  of  the  mark. 


Index  before  transit  at  2,0 
At  transit  -  -  15,1 
After  transit     -       -  1,9 
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All  these  observations  of  this  uight  were  made  with  the  large  aperture ; 
and  the  glare  of  this  last  star  being  now  very  considerable,  and  the  other 
two  being  very  small,  one  cannot  exactly  depend  upon  them,  perhaps  not  to 
a  second  or  a  1"£. 

1726,  Sunday  night,  April  24. 

I  observed  the  two  small  stars  mentioned  in  the  last  night's  observation. 
The  first  entered  at  4h.  25'  2"  sidereal  time,  I  could  but  just  discern  it;  by 
the  observation  it  seemed  to  be  two  revol.  12",8  north  of  the  mark. 

At  4 h.  42'  the  following  small  star  entered,  and  this  also  was  scarce  dis- 
cernible; it  appeared  to  me  14  rev.  5",2  north  of  the  mark. 

At  5h.  48'  6"  Cap.  Drac.  entered,  index  before  was  1,7;  at  the  transit 
16,6;  after  1,7;  hence  star  14",9  south. 

N.  B.  All  made  with  the  large  aperture,  and  therefore  very  doubtful. 

The  inconsistencies  which  appear  in  the  observations  of  these  three  last 
uights  of  Cap.  Drac.  may  arise  either  from  that  the  small  aperture  diverts 
the  appearance  of  the  star  from  its  true  place,  or  from  that  the  great  glare 
renders  it  very  difficult  to  bisect  it,  when  the  large  aperture  is  made  use  of. 
I  rather  judge  it  to  arise  from  the  latter  of  those  causes,  for  that  I  found 
upon  the  22d  instant,  that  the  bisecting  the  star  with  only  the  large  aper- 
ture on,  the  star  would,  upon  putting  on  the  small  aperture,  appear  rather 
to  the  right  hand  of  the  thread ;  whereas  this  night,  haviug  bisected  it  with 
the  large  aperture,  and  afterwards  putting  on  the  small  one,  it  made  it  apj)ear 
sensibly  to  the  left  hand.  It  will  therefore  be  necessary  carefully  to  examine 
this  point,  and  thereby  to  correct,  if  necessary,  the  observations  of  the  14th, 
18th,  22d,  23d,  and  24th;  but  if,  as  I  suspect,  only  the  uncertainty  of  the 
large  aperture  is  in  fault,  then  the  observations  of  the  14th,  18th,  22d,  will 
be  to  remain  uncorrected,  and  those  of  yesterday  and  this  day  will  only 
remain  doubtful,  differing  each  from  other  near  2"  from  the  difficulty  of  a 
true  bisection. 

1726,  Friday,  April  29. 
Came  down  with  Mr.  Whitson1. 

It  was  cloudy  weather  till  the  night  between  Sunday,  May  1st,  and  Mon- 
day, May  2d.  Sunday  night  I  sat  up ;  a  very  calm  fine  night,  but  before  the 
star  came,  somewhat  foggy. 

'  So  in  MS.  probably  Whistoa. 
Y 
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Trunk  off  4,5 

4,7  Med.  4",5 

4,3 

At  17h.  47'  55"  sidereal  time.  Cap.  Drac.  entered  on  the  right  hand, 
somewhat  dim  on  account  of  the  fog,  I  used  the  small  aperture,  star  flut- 
tered somewhat,  so  that  having  bisected  it  by  the  small  aperture,  taking  off 
that  aperture,  I  could  not  well  determine  whether  it  was  still  truly  bisected 
or  not.  I  thought  putting  on  the  large  aperture,  it  seemed  to  go  off  to  the 
right  hand,  if  any  thing. 

At  4h.  48'  25"  it  passed  well  bisected,  index  at  17",0. 

// 

after,  trunk  off,  index    4,0  med.  before  transit  4,5 

3,9     Med.  4,0  after  4,0 

*>l  med.  ofalf^jT 

Hence  the  star  is  12",8  south. 

N.  B.  Lifting  up  the  plummet  sometimes,  and  once  only  making  it  vi- 
brate, I  found  this  day  an  inconsistency  of  2"  arising,  as  I  judged  at  first, 
from  the  loop  of  the  wire  of  the  plumbline  being  just  in  the  surface  of  the 
water.  For  when  I  filled  it  higher  with  water  it  did  not  happen,  but  having 
at  the  same  time  drawn  off  the  brass  edge  from  the  plumbline,  perhaps  it 
was  not  so  free  before  as  it  should  be.  It  may  arise  from  the  different  situa- 
tions of  the  volutions  of  the  wire,  or  perhaps  the  plumbline  was  too  near  the 
edge.  On  Friday  when  I  came  down,  I  put  up  the  new  pulleys,  they  do 
very  well,  but  I  think  the  lead  weight  is  now  too  heavy. 

1726,  May  5. 

This  day  I  considered  the  matter  of  the  different  apertures,  as  stated  April 
24th,  and  I  find  that  the  numbers  will  come  out  thus : 

If  the  smill  aperture  c»u«t>  »  If  Uie  doubtful  glare  of  the 

variation  of  lUc  r»y»  of  1".  Urge  it  in  f«ult. 

April  14  -  18,4  south          -         -          -  17,4  south 

18  -  17,5       ....  16,5 

22  -  15,2       ....  14,2 

28  -  13,0       ...          -  14,0 

24  -  14,9  14,0 

May  1  -  13,8       ...          -  12,8 
or  the  same  number  minus  2'  each. 

So  that  it  seems  most  probable  as  yet  that  the  small  aperture  is  not  in  fault. 
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1726,  Wednesday  night.  May  1 1 . 

Came  down. 

It  was  exceeding  clear  and  calm  this  night,  and  very  cold.  I  sat  up  how- 
ever to  observe  Cap.  Drac. 

Trunk  off  12,* 

12,4  Mean  12,4 

12,3 

At  17h.  47'  12"  sidereal  time,  Cap.  Drac.  entered  on  the  right  hand.  It 
fluttered  exceedingly,  and  so  much,  that  after  I  had  bisected  it  as  exact  as  I 
could,  I  saw  the  body  of  the  star  sometimes  at  one  side  of  the  thread,  and 
sometimes  at  the  other;  I  made  use  of  the  small  aperture.  But  this  observa- 
tion I  think  doubtful  to  at  least  half,  if  not  a  whole  second.  Win.  n  bisected, 
index  stood  at  4",2. 

At  17h.  50'  14"  it  went  out  sensibly  to  the  left. 
Adjusting  it  again  after  the  observation,  I  found  it  as  follows : 
Trunk  off  12,0 

11,9         Med.  12,0 
12,1 

Med.  of  bolh  before  and  after  is  12,2. 
Hence  the  star  is  9",0  south. 

1726,  Saturday  night  between  the  14///  and  1 5th  of  May. 

Trunk  off  12,0 

12,0         Med.  12,0 
11,9 

At  17h.  47'  5"  Cap.  Drac.  entered  sensibly  to  the  right  hand,  and  fluttered 
very  much.  In  clear  dry  weather  I  find  this  fluttering  is  very  great,  from 
the  continual  descending  vapours  and  dew  of  the  night.  When  it  passed  I 
bisected  it,  but  very  uncertainly,  index  4,2. 

17h.  50'  7"  it  went  out  to  the  left  hand. 

Trunk  off  11,8 

12,0  Med.  11,8 

11,7 

Mean  of,  before  and  after  1 1 ,9. 
Hence  the  star  9",3  south.  t 

This  observation  is  doubtful  to  at  least  4  if  not  a  whole  1".  I  used  the 
small  aperture,  as  I  do  now  constantly. 

Y  2 
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1726,  Monday  night  between  the  23d  and  24/A  of  May. 

Trunk  off  15,6 

15.5  Med.  15",5 
15,3 

At  17h.  46'  27"  Cap.  Drac.  entered,  very  dim,  through  thin  clouds.  It 
moved  very  steady  and  was  very  distinct  near  the  cross ;  when  I  saw  it  well 
bisected,  index  5",S. 

At  17h.  49'  27"  it  went  out  to  the  left. 

Trunk  off  15,8 

15.6  Med.  15",7. 

Hence  the  star  is  now  6",7  south.   This  I  reckon  a  good  observation. 

1726,  May  24. 

When  Cap.  Drac.  passed  last  night  the  clock  was  17h.  47'  57",  it  should 
have  been  17h.  49'  50".   Hence  clock  too  slow  by  1'  53". 

So  that  this  day  I  put  the  index  of  the  sidereal  clock  forward  3',  and  it  is 
now  about  1'  too  fast,  as  I  judge. 

1726,  May  25th,  Wednesday  night  between  25th  and  26th. 

Trunk  off,  before  17,0 

16.7  Med.  16,6 
16,0 

After  16,2 
16,5 

16.7  Med.  of  all  16,5 

At  17b.  49"  9'  Cap.  Drac.  entered  fluttering  much,  but  seemed  at  times  to 
touch  the  thread  before  I  stirred  the  graduated  screw.  I  bisected  it  very 
doubtfully,  and  index  stood  at  4",0.  Hence  the  star  is  4",5  south.  This  errs 
in  defect,  and  I  think  this  is  a  very  doubtful  observation.  The  number  4",5 
should  be  more. 

1726,  Friday  night,  May  27. 

Index  before  17,0 
17,2 
16,7 

16.8  Med.  IT,0 
after  17,0 

17,1 

16,8  Med.  17,0. 

At  17h.  49'  1"  Cap.  Drac.  entered,  the  glare  touching  the  thread,  it  flut- 
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tered,  but  not  so  much  as  in  the  last  observation.  I  bisected  it  near  the 
cross,  and  index  stood  at  4",6.  Hence  the  star  is  4",6  south  of  the  mark.  I 
reckon  this  a  pretty  good  observation. 

1726,  Sunday  night,  May  29. 

Trunk  ofl*  14,9 
15,0 

then  lifted  up  the  plumbline,  index  15,8 

15,6 

the  inconsistency  of  these  numbers  made  me  conclude  immediately  that 
somewhat  was  wrong  in  the  plumbline;  however,  I  took  the  transit  of  the 
star  as  follows. 

At  17 h.  48'  50"  Cap.  Drac.  entered,  when  it  was  near  the  cross  I  bisected 
it,  and 

index  wn*  at  4,0 
examining  it  again  after  the  transit,  index  7,0 
lifted  up  plumbline  13,0 
lifted  up  again  16,5 
again  lifted  up  15,6 

Being  confirmed  by  these  inconsistencies  that  there  was  some  fault  in  the 
plumbline  more  than  usual,  I  do  not  here  enter  the  result  of  this  observation. 

1726,  Monday,  May  30. 

This  morning  I  examined  the  plumbline  above,  and  taking  off  some  of  the 
pasteboard,  I  found  a  very  strong,  thick,  fresh  cobweb,  which  adhered  to  the 
tin  tube,  and  to  the  side  of  the  wooden  one,  and  involved  the  plumbline  quite 
round  for  several  inches,  adhering  also  to  it  in  twenty  different  places,  so  that 
near  two  inches  of  its  length  stuck  to  this  cobweb.  I  removed  the  cobweb, 
and  then  examining  the  instrument,  I  found  it  as  consistent  as  it  used  to  be, 
returning  within  less  than  half  a  second  always  to  the  same  situation  upon 
its  being  lifted  up,  which  I  frequently  repeated ;  but  I  observed  one  particu- 
lar which  I  never  took  notice  of  before.  If  the  plummet  is  rotated  round  its 
axis,  so  as  to  twist  as  it  were  the  wire  about  10  or  20  times,  and  then  lifted 
up  and  let  alone,  lifted  up  for  a  minute  or  two  and  then  let  down  into  the 
water  again,  it  will  rotate  of  itself  so  as  to  untwist,  till  at  length  the 
of  the  water  stops  it ;  and  then  examining  the  instrument,  this  will 
times,  but  not  always,  make  a  sensible  difference  of  a  second  or  more,  some- 
times less  and  sometimes  more.  Rotating  it  again  the  contrary  way  as  much, 
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lifting  it  up  and  letting  it  rest  a  little  while  as  before,  and  then  examining  it 
again,  this  will  sometimes  cause  an  inconsistency  on  the  other  hand  of  about 
as  much.  The  situation  of  the  coils  of  the  wire,  it  not  being  stretched  suffi- 
ciently truly  into  a  straight  line,  as  I  suppose,  make  these  alterations ;  hut 
the  utmost  extremes  I  could  uot  make  to  amount  to  above  2"  or  3".  And  if 
the  water  is  stirred,  so  as  the  wire  may  be  less  resisted  in  untwisting  itself, 
I  generally  found  that  it  would  return  truly  to  the  same  number  again,  as  if 
it  had  not  been  twisted.  But  this  should  lie  a  caution  to  us  not  to  rotate  the 
plummet  in  taking  it  off  and  on. 

1726,  May  30. 

Endeavouring  this  morning  to  let  down  a  board  through  the  wooden  tube 
to  cleanse  it  from  cobwebs,  if  any  more  should  possibly  remain,  I  broke  the 
plumbline. 

1726,  Tuesday  evening,  May  31. 

Mr.  Graham  came  down  and  put  on  a  new  plumbline,  somewhat  thicker 
than  the  last.  When  it  was  fixed  in  the  notch,  and  that  screw  which  holds 
the  plumbline  pinched,  we  adjusted  the  instrument, 

Trunk  off  2,8 

then  lifted  up  as  high  as  for  an  observation,  index  3,0 
then  put  on  the  little  brass  cover  above,  and  lifted  up  as  before,  index  3,0 

lifted  up  again  3,0 
The  wind  was  pretty  high,  and  the  top  of  the  tube  uncovered, 

lifted  up  again  2,4 
again  2,4 

then  tied  a  thread  to  the  plumbline,  and  let  it  hang  to  it,  index  2,5 
This  day  we  also  put  up  the  white  string,  which  we  can  move  round  the 
plumbline  from  top  to  bottom  to  clear  away  any  more  cobwebs,  if  they 
shoidd  come. 

1726,  Tuesday  night,  May  31. 
Before  1,4 
1,9 

1,9         mean  1",7 
after  1,7 
1,3 
1,7 
1,2 

1,2  mean 
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At  17h.  48'  36"  Cap.  Drac.  entered  very  steady,  touching  the  east  and 
west  thread,  bisected  near  the  cross,  index  at  4,4. 

At  17h.  51'  38"  it  went  out  not  so  much  to  the  left  as  usual,  if  any  error, 
therefore,  4",4  should  1*  increased.  Let  1",5  be  index  at  transit,  then  de- 
ducting 1",5  from  4",4  there  remains  2",9;  whereby  the  star  now  appears 
south  of  the  mark. 

I  reckon  this  a  pretty  good  observation,  and  it  demonstrates  the  consist- 
ence of  the  new  plumbline  with  the  old  one ;  for  on  the  27th  of  May  the 
observation  was  4",6,  differing  from  4",8  in  the  table  of  sines  only  by  0",2 ; 
and  this  of  2",9  is  iu  the  same  table  but  3",4;  and  if  4",4  the  number  in  this 
observation,  is  increased  a  small  matter,  the  regularity  and  consistency  will 
still  lie  greater. 

1726,  Wednesday  night,  June  1. 

Before  16,6 
16,5 
16,7 
after  16,5 
16,4 
16,2 
16,6 
16,4 

At  17h.  48'  28"  Cap.  Drac.  entered  on  the  thread,  somewhat  fluttering, 
bisected  near  the  cross,  index  at  2,4. 

At  17h.  51'  30"  it  went  out  sensibly  to  the  left  hand.  Hence  the  star 
3",0  south. 

1726,  Monday  night,  June  6. 

Index  16,3;  then  lifted  the  plumbline  and  made  use  of  the  white  line,  then 

index  15,8 
15,7 
15,5 
15,6 
15,5 

after  transit,  index  15,8 
15,9 

15,8  mean  of  all  15,8. 

At  17h.  48'  2"  Cap.  Drac.  entered  on  the  thread,  but  more  to  the  left 
than  the  right ;  when  it  came  near  the  cross,  it  seemed  rather  too  much  to 
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the  right,  I  bisected  it  as  well  as  I  could,  on  account  of  the  fluttering, 
index  17",1.  Hence  star  l',3  south.  If  any  error,  this  should  be  less. 

1726,  Thursday  night,  June  7. 

Before  17,0 
16,7 
16,4 
after  16,4 
16,6 

16,5  mean  of  all  16,6. 

At  17  h.  47'  58"  Cap.  Drac.  entered,  fluttering  much,  it  touched  the  thread, 
but  was  sensibly  to  the  left  hand  near  the  entrance.  When  it  came  to  the 
cross  I  thought  it  rather  to  the  right,  but  I  could  not  be  sure.  I  bisected  it 
as  well  as  I  could,  and  index  stood  at  17,3.  Hence  the  star  0",7  south. 

1726,  Wednesday  night,  June  8. 

This  night  Mr.  Bradley  came  down  and  brought  with  him  the  heavy 
plummet,  it  weighs  in  air  8oz.  I6dwts.  and  in  water  7oz.  14dwts.  troy 
Aveight.  He  tells  me  Mr.  Graham  finds  206  diameters  of  the  new  plumbline 
in  an  inch ;  and  that  it  will  bear  14oz.  troy  in  air.  Before  wc  put  it  on  we 
examined  the  instrument  with  the  old  plummet,  as  follows : 

0,6 
0,5 
0,6 

then  wc  put  on  the  new  one,  index  0,0 

0,0 
0,1 

then  we  put  on  the  small  one  again,  and  dropped  a  piece  of  split  quill  down 
the  wire,  which  was  about  half  an  inch  long;  it  fell  readily,  so  we  were 
secure  there  were  now  no  cobwebs.   Then  with  the  small  plummet  on, 

index  16,8 
16,6 
16,5 

then  put  on  the  large  one,  index  0,2 

0,2 
0,2 

The  new  plummet  is  longer  settling  than  the  small  one  hitherto  used,  but 
to  an  amazing  degree  consistent  and  steadier.    It  vibrates  about  5'.  We 
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conclude  to  use  it  always.  Mr.  Bradley  made  this  following  observation, 
lifting  the  plumbline  each  time. 

Before  6,\ 
0,1 
0,2 
0,2 
0,0 

■Act  transit  0,2 
0,2 

Caput  Drac.  entered  at  17h.  47'  58"  sensibly,  as  he  said,  to  the  left  hand, 
but  touches  the  thread.  As  it  drew  near  the  cross  it  seemed  bisected,  how- 
ever he  thought  it  necessary  a  small  matter  to  alter  the  graduated  screw  to 
bisect  it  more  exactly,  and  then  index  stood  at  0",7  :  the  fluttering,  he  says, 
made  it  more  doubtful  than  in  the  day,  as  I  have  found  it.  Heiice  the  star 
0",5  south. 

1726,  Thursday,  June  9. 

Before  2,3 

2,1 

2,2 
after  2,2 
2,2 

At  17  h.  47'  48"  Cap.  Drac.  entered  on  the  string,  seemingly  well  bisected, 
but  fluttered  exceedingly.  It  had  been  a  very  hot  day,  and  the  air  at  this 
time  was  very  thick  and  foggy.  At  the  cross  I  bisected  it  very  uncertainly, 
index  at  3",5 ;  there  may  Ik-  an  error  of  2".    Hence  star  1",3  south. 

1726.  Friday  night,  June  10. 
A  violent  hot  day,  a  great  dew. 

Index  before  3,5 
3,4 
3,5 

after  transit  3,5 
3,5 
3,4 

At  17h.  47'  43"  Cap.  Drac  entered,  and  seemed  to  me  well  bisected  on  the 
thread,  but  fluttered  exceedingly,  so  that  I  could  not  make  any  tiling  certain 
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of  the  observation,  nor  can  I  l>e  sure  to  two  seconds  or  more;  bisected  at  the 
cross  with  great  uncertainty,  index  at  5",0.   Hence  the  star  is  1,5  south. 

1726,  Saturday,  June  11. 
Still  violent  hot  weather,  great  dews,  thick  air. 

Before,  index  0,4 
6,3 
6,3 
6,3 
after  6,2 
6,2 
6,3 

At  17h.  47'  40"  Cap.  Drac.  entered  fluttering,  but  not  so  much  as  the  two 
last  nights.  Bisected  at  the  cross,  index  7,2.   Hence  the  star  1",0  south. 

1726,  June  12. 
The  weather  still  hot,  and  very  bad  air. 

Before  #,8 
6,8 

after  transit  7,2 
7,3 

At  17h.  47'  38"  Cap.  Drac.  entered,  fluttering  very  much  as  usual  in  this 
kind  of  weather.  It  seemed  to  me  almost  detached  from  the  thread  on  the 
left  hand  at  its  entrance.  Bisected  at  the  cross  doubtfully,  index  6",8.  Let 
7",0  be  the  mean  number,  then  deducting  6,8  from  7,0  there  remains  0",2 ; 
whereby  the  star  appeared  this  night,  for  the  first  time,  north  of  the  mark, 
as  fixed  December  3d. 

1726,  Monday  night,  June  13. 

The  barometer  fell  this  day,  and  we  had  some  rain,  the  weather  much 
cooler  and  changing. 

Index  before  8,6 
8,7 
8,5 
after  8,5 
8,4 
8,6 

About  17  h.  47'i  Cap.  Drac.  entered  almost  detached  from  the  thread  on 
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the  left  hand;  it  moved  much  steadier  than  it  hath  done  since  the  hot  wea- 
ther, and  I  think  this  observation  pretty  good,  index  7",8  at  passage.  Let 
8",6  be  the  mean,  as  above,  then  by  this  observation  the  star  is  0",8  north  of 
the  mark. 

1726,  Tuesday,  June  14. 

Before  5,3 
5,2 
5,2 

after  transit  5,4 
5,5 
5,5 

At  17h.  47'  23"  Cap.  Drac.  came  in  clear  of  the  thread  to  the  left,  or  but 
just  touching.  It  moved  very  steady,  but  frequently  I  lost  sight  of  it  by  the 
clouds.  Bisected  at  cross,  index  8"5.  Hence  the  star  is  1",9  north  of  the 
mark. 

1726,  Thursday  night,  June  16. 

Before  10,4 
10,6 
10,5 
after  10,6 
10,6 
10,7 

At  17h.  44'  21"  Cap.  Drac.  entered  on  the  left  just  clear  of  the  thread, 
pretty  steady,  bisected  at  cross,  index  8",5.  Hence  the  star  2",1  north.  A 
very  sure  observation. 

1726,  Sunday,  June  19. 

Before  '4,5 
4,3 
4,4 
after  4,5 
4,4 
4,4 

At  17h.  47*  6"  nearly,  Cap.  Drac.  went  out,  index  at  cross  1",2.  It  moved 
exceeding  steady,  a  very  good  observation.    Hence  the  star  S",2  north. 

Z2 
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1726,  Saturday,  June  25. 

Before  1 ,3 
1,3 

after  1,4 
1,4 

1,5 

At  17)i.  43'  29"  Cap.  Drac.  came  iu. 

46'  32"  went  out,  index  at  cross  13,6.  Hence  the  star  4 ',8  north. 

1726,  Monday,  June  27. 

Before  2,6 
2,7 
2,8 
after  2,7 
2,6 
2,7 

17  h.  48'  21"  Cap.  Drac.  entered  and  moved  pretty  steady,  so  that  I 
reckon  this  a  pretty  good  observation,  index  at  cross  14.0.  Hence  star  5 ".7 
north. 

1726.  Wednesday,  June  29. 

Before  0,4 
0,6 
0,6 
after  0,5 
0,6 
0,4 

17  h.  48'  11"  Cap.  Drat-,  entered  and  fluttered  a  little,  no  very  certain 
observation,  index  at  cross  11",7.    Hence  star  5  ",8  north. 

1726,  Thursday,  June  30. 

Before  {'fi 
1,6 
1,4 
after  1,7 
1,6 
1,5 
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17h.  48' 5"  Cap.  Drac.  eutered,  and  moved  pretty  steadily,  but  fre- 
quent clouds,  index  at  12,1.    Hence  star  6",5  north. 

1726,  July  1. 

Index  before  2,0 
2,1 
2,1 

At  17h.  48'  0"  Cap.  Drac.  entered,  and  fluttered  much  in  passing,  so  that 
I  could  hardly  make  any  thing  of  this  observation.  I  bisected  it  as  well  as  I 
could,  index  13,2.    Hence  the  star  5",9  north. 

1726,  Saturday,  July  2. 
[J.  Bradley  observing,  entered  the  observation.] 

Index  liefore  3,2 
3,2 
3,3 
3,2 
3,3 
3,3 
3,3 
3,4 

after,  index  3,2 
3,0 
3,2 

At  17h.  47'  54"  Cap.  Drac.  entered  pretty  bright;  soon  after  I  began  to 
bring  the  thread  to  the  star,  and  some  time  before  it  passed  the  cross  I 
bisected  it,  index  at  11",4.  Clouds  after  that  made  the  star  appear  so  faint 
that  I  could  not  see  it  near  the  cross  wheu  the  threads  were  illiuninated,  so 
that  I  had  not  the  opportunity  of  judging  whether  it  jmssed  the  cross  truly 
bisected ;  but  if  it  was  not,  the  star  must  really  have  been  more  southerly 
than  by  the  observation,  because  it  seemed  truly  bisected  before  the  transit. 
It  did  not  flutter  much.  Before  it  went  out  it  grew  bright  again,  and  went 
out  rather  to  the  left  of  the  thread  at  17 h.  50'  55".  Hence  the  star  8",8 
north. 

1726,  July  3. 

Index  before  4J 
4,8 

4,7 
after  4,8 

and  5,0  the  mean  4"8. 
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At  17h.  47'  47"  Cap.  Drac.  entered.  About  a  minute  after  I  bisected  it, 
and  then  Mr.  Gray  found  index  at  13,0;  then  I  discharged  the  screw  a 
pretty  way,  and  bisected  the  star  again  about  the  cross,  index  1S",5;  then  I 
moved  the  thread  from  off  the  star,  and  bisected  it  again  as  soon  as  I  could, 
at  least  within  £  minute  after  it  passed  the  cross,  and  after  it  went  out  I 
found  index  at  13,2. 

I  ordered  Giles  above  to  give  a  very  strong  light,  which  perhaps  contri- 
buted a  little  to  the  steadiness  of  the  star's  motion,  by  taking  off  the  glare. 
Suppose  the  mark  4,8.  star  13,5.  then  the  star  was  8",3  south  of  the  mark. 
I  take  this  to  be  a  very  good  observation. 

[N.  B.  These  two  observations  were  made  by  myself,  and  entered 
into  the  Journal  by  me.  J.  B.] 

This  was  a  clear  night. 

1726,  Wednesday,  July  6. 

Mr.  Bradley  again,  [entered  by  Mr.  Molyneux.] 

Before  5,6 
5,5 
5,7 
5,6 

At  17  h.  47'  28"  Cap.  Drac.  entered  pretty  steady,  bisected  at  cross,  index 
14,3.   Hence  star  8",3  north. 

1726,  Friday,  July  8. 

Before  i',9 
4,8 
5,0 
after  4,9 
4,9 

17h.  47'  15"  Cap.  Drac.  entered,  cloudy.  I  could  not  see  it  distinctly, 
index  13,4;  a  doubtful  observation.  Hence  star  8,5  north.  Wound  up  the 
clock. 

1726,  July  9. 

Night  very  clear,  star  moves  pretty  steady. 

Before  5,4 
5,4 
5,3 
after  5,5 
5,4 
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At  17  h.  46'  54"  Cap.  Drac.  entered,  index  at  the  cross  13,4.  Hence  star 
9",0  north. 

1726,  July  10. 

Before  3,7 
3,6 
3,5 
after  3,4 
3,5 
3,5 

at  transit  11,4  the  mean  3,6. 

Hence  star  9,2  north. 

1726,  July  12. 

Before  4,5 
4,3 
4,4 
after  4,6 
4,5 

4,5  mean  4",5. 

At  cross  12",1.    Hence  star  9",4  north. 

1726,  FrUlay,  July  15. 

Before  2,4 
2,4 
2,4 

At  the  cross  10",3;  thin  hazy  clouds,  star  fluttered  much.  Hence  star 
9,1  north. 

1726,  July  18. 

Before  3,5 
3,3 
3,3 
after  3,5 
3,4 
8,3 

At  the  cross  9",7.  It  moved  pretty  steady;  a  good  observation,  star 
north  10,7. 

Moved  the  white  string  round  the  plummet  line. 
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1726,  Friday  night,  August  5. 

Before  5,9 
5,7 
5,8 

after  5,7  mean  5 ",8. 

Cap.  Drac.  moved  but  indifferently,  somewhat  fluttering,  bisected  at  cross, 
index  8,9.  Hence  star  13",9  north. 

1726,  Tuesday  night,  August  9- 
Very  clear  calm  night. 

Before  8,0 
8,1 
8,0 

after  8,0  mean  8",0. 

17  h.  45'  6"  Cap.  Drac.  entered.  I  observed  it  this  night  by  twilight,  being 
the  first  time  since  March  21st.  It  moved  exceeding  steady.  I  called  to  the 
servant  to  put  On  the  small  aperture,  which  I  used  all  this  summer  iu  the 
night  observations,  and  it  made  no  alteration  in  the  bisection  of  the  star : 
then  having  it  on,  I  altered  the  graduated  screw,  and  bisected  the  star  again, 
and  then  taking  it  off,  I  found  no  alteration. 

Bisected  with  the  large  aperture  at  cross,  index  10,2. 

I  take  this  to  be  a  very  certain  observation,  star  14,8  north. 

1726,  Wednesday,  August  17. 
This  night  Cap.  Drac.  moved  exceeding  steady.  I  changed  the  aperture 
frequently,  as  on  the  9th,  without  the  least  sensible  alteration.    Some  cob- 
welw  disordered  the  plumbline,  so  that  I  could  make  no  observation  this 
night. 

1726,  Thursday,  August  25. 

Mr.  Bradley  here. 

This  day  I  made  the  wheel  and  cloth  to  keep  the  plumbline  from  cobwebs, 
and  we  found  it  did  mighty  well.  We  could  let  it  down  and  draw  it  up 
without  the  least  sensible  alteration  in  the  plumbline.  A  very  clear  cahn 
night. 

Index  before  11,0 
11,0 
11,2 
11,3 
11,2 
11,3 
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after  10,8 
10,9 

10,8  mean  11  ",0 

17h.  43*  33"  Cap.  Drac.  entered  on  the  left  hand,  Mr.  Bradley  observing 
it.  Moves  pretty  steady ;  bisected  at  cross;  index  11",3  :  it  went  out  as  usual 
sensibly  to  the  left,  and  takes  this  to  be  a  very  good  observation,  star  16",7 
north. 

1726,  Friday,  August  26. 
Dropped  down  a  piece  of  packthread. 

it 

Before  12,2 
12,2 
12,2 
12,2 
12,5 
12,3 
after  12,1 

12,2  Med.  12",2. 

Mr.  Bradley  observing. 

At  17h.  43'  31"  Cap.  Drac.  entered;  bisected  at  cross,  10",8  or  rather  more, 
for  it  did  uot  go  out  so  sensibly  to  the  left  as  usual.  Hence  star  18",  *  north. 
If  any  error,  this  18"4  should  be  less. 

1726,  Sunday,  August  28. 

a 

13,4 

Let  down  the  cloth,  then  index  13,2 

13,3 
13,2 
12,9 

after  ob*.  12,9  mean  13",0. 

At  17h.  43'  28"  Cap.  Drac.  entered,  and  moved  pretty  well;  bisected  at 
cross,  12",1  ;  went  out  a  little  to  the  left.    Hence  star  17",9  north. 

1726,  August  29. 

Let  down  cloth  14,0 
14,2 
14,2 

after  transit  14,0          mean  14,1. 
17h.  43/  25"  Cap.  Drac.  entered;  moved  pretty  steady,  and  went  out  as 
usual  sensibly  to  the  left;  index  13",6.   Hence  star  17",5  uorth. 
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1726,  Friday,  September  2. 

Let  down  the  cloth  6,7 
6,7 
6,8 

after  6,6  Med.  6  ,7. 

17 h.  43'  11"  Cap.  Drac.  entered;  hazy  air,  but  star  moves  steady, 
though  not  so  distinct  as  usual;  index  6",4.  It  went  out  as  usual  sensibly  to 
the  left.    Hence  star  17",3  north. 

1726,  Monday,  September  5. 

it 

Before  6,1 
6,0 
6,3 

6,2  med.  6',1. 

17h.  42'  59"  Cap.  Drac.  entered;  moved  pretty  steady,  but  hazy,  and 
not  so  distinct  as  usual;  went  off  sensibly  to  the  left  as  usual;  index  5",0. 
Hence  star  18",1  north. 

1726,  September  7. 

// 

4,7 

Then  let  down  the  cloth,  before  5,8 

5,8 
after  5,8 

5,8  Med.  5",8. 

17h.  42'  52"  Cap.  Drac.  entered;  very  hazy;  I  can  just  discern  it;  goes 
off  sensibly  to  the  left  as  usual;  index  6",0.   Hence  star  16",8  north. 

1726,  September  8. 

Before  3,9 
4,3 
4,4 

after  4,2  mean  4",3. 

17h.  42' 49"  Cap.  Drac.  entered,  scarce  discernible;  very  hazy,  but 
very  steady;  I  saw  it  well  near  the  cross,  and  bisected  it;  index  4".0.  Hence 
star  17",3  north. 

1726,  Friday,  September  9- 
2,9 

Then  let  down  the  cloth  3,6 
3,6 
3,5 
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after  3,2 

3,2  mean  3",3. 

At  17h.  42*  45"  Cap.  Drac.  entered;  hazy,  but  very  steady;  went  off  to  the 
left  as  usual;  bisected  at  cross;  index  3",0.   Hence  17",3  north. 

1726,  Sunday,  September  11. 

Let  down  cloth  3,6 
3,6 
3,7 
3,7 

after  3,7  mean  3",7. 

At  17h.  42/  36"  Cap.  Drac.  entered;  very  hazy;  indistinct  uncertain  ob- 
servation; index  at  3",7.   Hence  star  just  one  revolution,  or  17",0  north. 

1726,  Wednesday,  September  14. 

then  cloth  1,3 
then  changed  the  water  1,2 

after  transit  1,1  mean  1  ",2. 

At  17b.  42'  25"  Cap.  Drac.  entered;  I  could  but  just  discern  it,  the  weather 
was  so  hazy  and  cloudy;  index  0",8.   Hence  star  17",4  north. 

1726.  September  15. 

Mr.  Graham  observing.  0,0 
Let  down  cloth  0,0 
0,0 
16,9 
after  16,8 

16,8  mean  1<T,9. 

At  17h.  42*  20"  Cap.  Drac.  entered;  bisected  at  cross;  index  15",6:  if  any 
error,  this  should  be  more.  Hence  star  18"3.  After  the  observation  Mr.  Gra- 
ham wound  up  the  clock;  it  lost  about  12"  or  15"  in  winding. 

1726,  Sunday,  September  18. 
15,9 

Then  let  down  the  cloth  15,9 
15,9 

At  17h.  41' 54"  Cap.  Drac.  entered;  very  bright,  more  fluttering  than 
usual  of  late;  index  15",2.  Heuce  star  17",7  north. 
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1726,  Sunday,  September  25. 

Clolh  14,1 
14,1 
14,2 

At  17h.  41'  28"  Cap.  Drac.  entered;  very  hazy  and  indistinct;  bisected  at 
cross ;  index  14",4.    Hence  star  16",7  north. 

1726,  Tuesday,  September  27. 

Mr.  Bradley  observing.  14,2 
then  cloth  let  down  13,9 
13,9 
13,9 
after  14,0 

13,8  mean  13 ',9. 

At  17h.  41'  21"  Cap.  Drac.  entered;  it  appeared  very  faint,  being  very 
hazy  weather.   I  bisected  the  star  \  a  minute  before  it  came  to  the  cross; 

index  14,9 
at  the  cross,  index  14,4 
after  14,4 

Hence  star  16",5  north. 

1726,  Wednesday  morning,  September  28. 
Mr.  Bradley  rose  before  day,  to  observe  the  Telescopica  in  Auriga,  observed 
the  last  time  the  20th  of  February  last,  quod  vide. 

Before  13,6 
after  13,8 
13,7 

13,5  mean  13  ,7. 

5h.  S3'  56"  Telesc.  in  Aurig.  entered;  bisected  about  \  miuute  after  it 
passed  the  cross ;  index  4",8.   Hence  the  star  8",9  north. 

1726,  September  28. 

Mr.  Bradley  observing.  15,3 
then  cloth  15,5 
15,5 

after  passage  15,5 
15,5 

At  17h.  41'  19"  Cap.  Drac.  entered;  pretty  distinct,  and  moved  very 
steady;  index  16",2.  Hence  star  16",8  north. 
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1726,  Sainrday,  October  1. 

U 

15,* 

then  cloth  15,6 
15,4 
15,4 

after  15,5  mean  15",4. 

17h.  41'  14"  Cap.  Drar.  entered;  scarce  discernible,  it  moved  steady; 
index  16",4;  went  out  as  usual.  Hence  star  16",0  north. 

After  the  observation  I  put  the  sidereal  clock  forward  nine  minutes.  Look 
next  time  for  star  at  17h.  50'  4"  if  no  error. 

1726,  Friday,  October  11. 

14,8 
Cloth  15,0 
15,0 
15,0 

after  15,0  mean  15",0. 

17h.  49'  47"  Cap.  Drac.  entered;  very  steady,  but  faint;  index  1",1. 
Hence  star  13",9  north.    Wound  up  the  clock. 

1726,  Monday,  October  17. 

Before  18,3 
13,3 
13,8 
after  18,3 

At  17h.  49'  41"  Cap.  Drac.  entered ;  moved  pretty  steady;  index  0",0. 
Hence  star  13,"3  north. 

1726,  Wednesday,  October  26. 

Wound  up  sidereal  clock  before  observation. 

// 

11,0 

then  let  down  cloth  11,2 
11,1 

after  transit  11,1  mean  11",  1. 

At  17b.  49'  26"  Cap.  Drac.  entered;  it  appeared  exceedingly  distinct,  but 
fluttered  somewhat;  went  out  as  usual  to  the  left;  index  0",4.  Hence  star 
10",7  north. 

1726,  Sunday,  November  13. 
Wound  up  sidereal  clock. 
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1726,  Sunday,  November  20. 

Before  3,6 
3,9 

At  17h.  49' 50"  Cap.  Drae.  entered;  dubii*  for  clouds ;  bisected  dubiS  at  cross. 

Index  17,1 

after  transit    3,8  mean  8",8. 

Hence  star  3",7  north.  This  is  a  doubtful  observation,  but  cannot  err  above 
\"\,  if  so  much. 

1726,  Saturday,  November  26. 
[This  Observation  i.s  entered  by  J.  Bradley.] 
Clouds  hindered  me  from  observing  Caput  Persei,  but  the  sky  became 
very  clear  again  before  Telesc.  in  Aurig.  passed. 

Index  4,6 
then  cloth  4,8 

4,7  mean  4",7. 

At  5h.  42'  55"  circ.  Telesc.  in  Aurig.  entered  to  the  left  of  the  thread,  and 
appeared  very  well.  I  bisected  it  just  before  it  came  to  the  cross,  index  6",2. 
As  it  passed  on,  the  thread  quite  hid  it  when  'twas  pretty  strongly  enlight- 
ened, but  it  appeared  to  the  left  when  it  went  out;  so  that  I  judge  it  to  have 
been  pretty  truly  bisected ;  if  there  was  any  fault,  the  thread  was  too  near  the 
wall:  after  transit,  index  4"J.  Hence  the  star  is  15",5  north.  I  take  this  to 
be  a  very  good  observation.  J.  B. 

1726,  Sunday  night,  November  27. 

Before  4,9 
4,8 
4,H 

after  transit,  let  down  the  cloth,  and  found  index  4,5  mean  4",7. 

At  2h.  35'  10"  Caput  Pers.  entered  to  the  left  of  the  thread,  which  was 
moved  18  revolutions  from  the  plum  hi  inc.  Then  I  brought  the  snout  as  near 
the  wall  as  the  work  would  admit,  but  that  was  not  quite  far  enough  to 
bisect  the  star  truly  at  the  cross ;  for  though  it  appeared  upon  the  thread, 
yet  'twas  more  to  the  left  than  the  right,  the  index  at  the  passage  was  6",5; 
which  subtracted  from  4",7  leaves  15",2  above  18  revolutions,  by  which  this 
star  is  now  north  of  the  mark. 

[N.  B.  This  observation  was  made  and  entered  in  the  book  by 
J.  Bradley.] 
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1726,  Tuesday,  December  13. 
Mr.  Bradley  was  here;  and  though  it  was  a  clear  day,  he  could  not  see  the 
star. 

[Memorand.  I  could  not  see  the  star  this  day,  t>ecause  the  clock 
had  stood,  and  we  could  not  tell  the  exact  time  when  to  expect 
the  star  in  the  glass.   J.  B.] 

1726,  Saturday,  December  17. 

I  was  here,  but  could  not  see  the  star,  though  it  was  tolerably  clear.  It 
was  occasioned,  as  I  judge,  by  a  damp  on  the  inside  of  the  eyeglass ;  and 
perhaps  the  same  when  Mr.  Bradley  was  here.  I  wiped  it  very  clean  and 
dry  this  day.  Some  rain  hath  beaten  in,  and  run  down  the  telescope. 

This  day  I  wound  up  the  sidereal  clock,  and  set  it  by  guess  as  near  as  I 
con  Id. 

1726,  Sunday,  December  25. 

Before  3,6 
3,6 
3,7 

then  I  moved  the  snout  southwards  18  revolutions. 

At  2h.  30'  50"  Cap.  Pers.  passed.  I  moved  the  snout  southwards  as  far  as 
I  could,  forcing  it  rather  too  much,  and  still  the  star  was  distinctly  too  much 
on  the  left  or  north  of  the  thread,  but  adhering  to  it;  then  index  was  3",6; 
after  transit,  index  3",1.  Let  3",4  be  the  mean,  then  the  star  is  16",8  +  18  rev. 
north;  and  to  this  is  to  be  added  about  2"  or  1"£,  on  account  that  the  star 
was  still  to  the  left  of  the  thread  considerably. 

1726,  Monday,  December  26. 

Before  2,3 
2,4 
2,4 

after  2,6  mean  2",5. 

17h.  44'  28"  Cap.  Drac.  entered,  very  dim,  scarce  visible,  but  moved 
very  steady;  it  was  distinctly  clear  of  the  thread  ou  the  right  hand.  When 
on  the  thread  I  could  scarce  perceive  it.  Bisected  well  at  the  cross;  index  9",4. 
Hence  star  6",9  south. 

N.  B.  By  a  medium  of  last  winter's  observations  of  the  20th  of  December 
and  the  2d  of  January,  it  should  have  been  this  day  6",4;  it  is  by  this  ob- 
servation 6",9;  difference  0"5. 
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1726,  Monday,  December  26. 

Before  3,4 
3,5 

after  3,3  mean  3",4. 

5h.  37'  8"  Telesc.  in  Aung,  entered,  and  moved  very  steady;  bisected 
well  at  the  cross,  index  15",4. 

At  5h.  40'  09"  it  went  out,  yielding  as  usual  to  the  left  of  the  thread. 
Hence  the  star  is  5",0  + 1  rev.  north  of  the  mark. 

1726,  Saturday,  December  31. 

// 

Before  1,6 
1,6 

after  1,7 

1,7  mean  1  ",7. 

5h.  37'  23"  Telesc.  in  Auriga  entered,  and  moved  steady,  but  the  night 
was  so  foggy  that  I  could  scarce  discern  the  star  when  the  threads  were 
sufficiently  enlightened ;  bisected  at  cross  as  well  as  I  could;  index  13",7. 
Hence  star  5",0  +  one  whole  revolution  north. 

1727,  Sunday,  January  15. 

Before  16,0 
16,0 
after  15,9 
15,8 

16,0  mean  16",0. 

5h.  87'  49"  Telesc.  in  Aurig.  entered;  very  bright  and  clear,  and  moved 
very  steady;  a  windy  night;  bisected  at  cross,  8",1.  Hence  the  star  7",9  +  one 
whole  revolution  north.  It  went  as  usually,  yielding  distinctly  to  the  left 
hand;  which  I  began  to  perceive  when  it  was  scarce  half  way  between  the 
cross  and  exit.   S.  M\ 

1727,  Sunday,  January  29. 

17,0 
16,8 

then  cloth  17,0 

after  16,7          med.  16",8. 
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5h.  38'  26"  Telescop.  in  Aung,  entered  on  the  left,  and  moved  very 
steady;  a  calm  night,  clouds  now  and  then;  bisected  pretty  v/ell  on  the  cross; 
index  6",7.  Hence  the  star  10",1  + 1  rev.  north.  It  went  out  as  usual  to  the 
left. 

1727,  Sunday,  January  29. 

Before  16,9 
16,8 
17,0 
after  16,7 

16,8  mean  16"  ,8. 

At  8h.  48'  20"  Telescop.  in  Urs.  Majore  entered,  on  the  right  hand  of  the 
thread.  I  bisected  it  well  on  the  cross,  and  the  index  stood  at  l",7j  then  hav- 
ing brought  the  snout  of  the  glass  north  wards  above  one  revolution,  deduct- 
ing 16",8  from  1",7,  there  remains  1",9  +  one  revolution  whereby  the  star  is 
north. 

See  March  20th,  26th,  27th,  1726,  then  about  5",0  north. 

1727,  Sunday  morning,  February  5. 

About  eight  in  the  morning;  clouds  prevented  me  seeing  the  entrance  and 
transit  of  Cap.  Drac:  but  about  20"  afore  it  went  out  I  saw  it  for  a  few 
seconds,  and  brought  it  then  on  the  thread,  so  as  I  judge  it  was  bisected 
when  it  passed  the  cross ;  but  cannot  be  sure  to  nearer  than  2"  or  more,  hav- 
ing scarce  seen  it  long  enough  to  have  time  to  turn  the  graduated  screw. 

About  17h.  46'  I  judge  it  entered;  the  index  as  I  left  it  from  the  above 
estimated  bisection  stood  at  14",2;  examined  it  by  the  mark  after  the  ob- 
servation, 

index  stood  at  14,0 
13,7 
13,8 

Suppose  the  mean  13",8,  then  the  star  was  17",4  south.  But  this  is  a  doubtful 
observation,  I  guess  the  17",4  should  be  more. 

1727.  Sunday  night,  February  5. 

Before  14,4 
14,3 
14,4 
after  14,4 

B  b 
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5h.  38'  42"  Telesc.  in  Aurig.  entered  on  the  left,  very  bright  and  clear 
and  steady,  bisected  at  the  cross  4",0.  Hence  the  star  10",4  +  1  rev.  north. 

The  instrument  above  is  gone  so  far  eastward,  I  fear  we  must  take  it 
down.    Memorandum,  to  speak  to  Mr.  Graham  about  it. 

1727,  Saturday  night,  February  11. 
Mr.  Bradley  observing. 

Before  15,0 
15,2 
15,1 

after  15,2  mean  15  ",1. 

At  5h.  38'  47"  Telesc.  in  Aurig.  entered,  and  moved  pretty  steady,  but 
looked  very  dim  and  hazy;  index  at  1",7.  Hence  star  13",4  + 1  rev.  north. 

1727,  Monday  morning,  February  19. 

« 

Before  11,7 
11,8 
11,9 
after  12,0 

11,9          mean  11 ',9. 
At  17h.  46'  13"  Cap.  Drac.  entered  quite  wide  on  the  right  hand. 
At  17h.  47'  43"  it  passed. 

At  17h.  49'  14"  it  went  out  very  distinct  and  steady;  good  observation; 
bisected  at  cross;  index  16",9.  Hence  the  star  is  5",0  +  one  revol.  or  22"  north 
of  the  mark. 

[Quaere  whether  south — it  should  be  said  south  of  the  mark.] 

1727,  Sunday,  February  26. 
Mr.  Bradley  observing. 

Before  12,1 
12,2 
after  12,2 

8h.  48'  56"  Telesc.  in  Urs.  Maj.  entered  on  the  right  hand,  and  moved 
very  steady ;  a  good  observation ;  bisected  at  cross ;  index  9",3.  Hence  the 
star  14",1  south  of  the  mark. 

1727,  Thursday,  May  25. 
I  cleaned  the  parallax  instrument  this  day  from  several  cobwebs  which 
had  gathered  about  it  while  I  was  away  at  London;  then  I  brought  the 
mark  to  the  line, 
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index  at  8,8 
8,5 
8,5 
8,4 

then  I  let  down  the  cloth  a  second  time,  index  8,5 

8,6 
8,4 

let  it  down  a  third  time,  index  8,6 

8,5 
8,5 

fresh  water  and  the  plummet  taken  off,  index  8,4 

8,5 

1727,  Sunday  night  or  Monday  morning,  May  28. 

Index  11,5 
11,9 
11,8 
and  12,0 

then  suspecting  some  cobwebs  from  these  inconsistencies,  I  let  down  the 
cloth,  but  had  not  time  to  examine  the  instrument  again  before  the  transit. 


After  the  transit,  index  11,8 
11,5 

suppose  the  true  mean  11,6 

At  17b.  42'  54"  Cap.  Drac.  entered,  fluttering  much.  Bisected  pretty  well 
at  the  cross;  index  17",4;  it  did  not  go  out  so  much  to  the  left  as  usual. 
Hence  the  star  5",8  south. 

The  sidereal  clock  being  now  about  six  minutes  too  slow,  I  put  it  forward 
so  much,  and  now  it  shews  nearly  true  time,  and  is  in  a  temper  to  lose 
about  6"  per  diem. 

1727,  Tuesday,  June  6. 

Before  12,6 
12,7 
12,6 

after  transit  12,5 

12,7  mean  12,7. 

17h.  47'  32"  Cap.  Drac.  came  in  pretty  steady,  though  not  so  well  as 
I  have  seen  it ;  bisected  at  cross;  index  16",7.   Hence  star  4",0  south. 

ibS 
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Several  cobwebs  were  cleared  before  the  observation,  but  I  doubt  not 
sufficiently.  This  is  therefore  a  very  doubtful  observation.  One  cobweb  was 
so  thick  it  bore  the  cloth ;  formed  in  nine  days'  time. 

1727,  June  7. 

For  better  preventing  the  cobwebs,  and  more  readily  drawing  np  the  cloth, 
I  this  day  altered  the  apparatus  for  that  purpose.  It  now  lets  down  at  one 
side  of  the  tube,  not  about  the  wire;  it  is  fixed  round  the  wire  below,  and 
cleanses  all  upwards.  u 

Before  we  used  the  cloth,  index  11,5 

1M 

then  lifted  up  the  plummet  and  used  the  cloth  12,4 

12,8 
12,+ 

lifted  plummet  12,4 

about  lOh.  sidereal  time. 

1727,  Wednesday.  June  7- 
Before  11,8 

11,7 
11,9 
12,0 

after  12,0  mean  11  ,9 

At  17h.  47'  27"  Cap.  Drac.  entered,  very  steady;  bisected  at  cross  very 
well;  14",7;  a  good  observation.   Hence  star  2",8  south. 

1727,  Friday,  June  9. 

Hefore  11,8 
11,9 
11,8 
after  11,7 

11,6  mean  11  ",8. 

At  17h.  47'  13"  Cap.  Drac.  entered,  fluttering  pretty  much;  a  doubtful 
observation.  Bisected  pretty  well  at  cross;  index  13",8.  Hence  the  star  2",0 
south. 

1727,  Monday  night,  June  12. 

Before  12,9 
12,7 
12,9 
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12,7 

12,8  mean  12,8. 

At  17h.  46'  53"  Cap.  Drac.  entered,  pretty  steady ;  a  good  observation ; 
bisected  at  cross,  14",4.  Hence  star  1",6  south. 

1727,  Wednemlay  evening,  July  19- 
I  found  the  instrument  very  foul  with  cobwebs ;  index  when  the  hole  was 
bisected,  was  at  1",9 ;  then  let  down  the  cloth, 

ft 

index  2,7 
2,8 
2,7 

after  transit,  index  2,8 

2,9         mean  2  ,8. 

At  17h.  4'  56"  Cap.  Drac.  entered,  very  steady  and  distinct,  wide  to  the 
left  hand,  that  is,  north  of  the  thread;  bisected  very  well  at  the  cross:  index 
8".8.  Hence  the  star  1 1",0  north  of  the  mark. 

I  take  this  to  be  a  very  good  observation.  After  the  observation  I  let  down 
the  cloth  and  changed  the  water,  and  found  no  alteration. 

1727,  Thurxlay  evening,  July  20. 

« 

Before,  index  3,8 
8,8 
3,9 

after  the  transit,  let  down  the  cloth,  then  index  3,8 

3,7 

At  17h.  41'  49"  Cap.  Drac.  entered  to  the  left,  fluttering  pretty  much;  no 
very  certain  observation;  bisected  pretty  well  on  the  cross;  index  10 ",0. 
Hence  star  10",8  north. 


1727,  Monday  evening,  July  31. 
[J.  Bradley  observed,  and  entered  the  observation.  ] 
At  5h.  18'  sidereal  tune,  let  down  the  cloth. 

index  9,0 
8,8 

then  lifted  up  the  plummet,  index  7,8 


about  30'  sidereal  time. 


and  9,5 
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At  5h.  43"  25"  Cap.  Drac.  went  out;  I  bisected  it  very  well  at  the  cross, 
and  index  was  14",4. 
At  5h.  5$  index  5",0. 
At  5h.  56'  index  was  4",7. 
At  5h.  59'  'twas  4",7. 

At  6h.   I'  index  was  4",5.    Then  I  let  down  the  cloth,  and 
At  6h.  12'  index  was  9",4. 
At  6h.  15'  'twas 

9,8 
9,3 
9,3 

till  6h.  25'.  Suppose  therefore  9",3  to  be  the  index  for  this  transit,  then 
deducting  14",4  therefrom,  11",9  will  be  the  star  from  the  mark,  north. 

1727,  Tuesday  evening,  August  1. 
About  5h  \  sidereal  time,  I  let  down  the  cloth,  and  then  index  stood  at 

9,8 
9,7 

after  that  1  lifted  up  the  plummet,  then  index  stood  at  10,0. 
At  5h.  40'  13"  Cap.  Drac.  entered,  I  bisected  it  well  at  the  cross,  and 

found 

index  at  15,6 

afterwards  I  brought  the  mark  to  the  plumbline,  and  index  stood  at  8,6 

and  8,8 

then  we  let  down  the  cloth,  and  index  was  9,5 

9,6 

Let  9",7  be  index  at  transit,  then  deducting  15",6  from  9",7,  there  remains 
11*1;  by  which  the  star  is  north  of  the  mark. 

The  differences  between  the  several  trials  in  bringing  the  mark  to  the 
plumbline  in  both  these  nights'  observations,  are  greater  than  I  have  before  ob- 
served, and  seem  to  have  arisen  from  the  cobwebs,  with  which  the  trunk  was 
very  full.  For  on  both  nights  the  trials  agreed  well  enough  after  the  cloth  was 
let  down,  both  before  and  after  the  transits ;  but  upon  lifting  up  the  plum- 
met, the  cobwebs  seemed  to  have  been  again  entangled  with  the  wire. 
[N.  B.  Both  the  last  observations  were  made  and  entered  by 
J.  Bradley.] 
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1727,  Sunday,  August  6. 

Index  13,8 
then  let  down  the  cloth  13,5 
then  lifted  the  plummet,  index  13,5 

after  transit  13,6  mean  13",6. 

At  17h.  39'  20"  Cap.  Drac.  entered,  somewhat  fluttering,  bisected  at  the 
cross ;  index  16",8;  a  pretty  good  observation.  Hence  star  13",8  north. 

1727,  Tuesday,  August  22. 

H 

Index  %fi 
let  down  the  cloth  2,5 
lifted  plummet,  index  %5 
2,4 
2,7 

after  transit  8,0 
2,8 

At  17h.  37'  12"  Cap.  Drac.  entered,  pretty  steady ;  bisected  at  cross,  4,1 ; 
let  2",7  be  index  at  passage,  then  the  star  is  15",6  north.  Now  Mr.  Bradley's 
instrument  is  set  up,  and  wc  go  on  comparing  note  from  this  time. 

[Memorandum.  My  instrument  was  set  up  August  19.  1727.  J.  B.] 

1727,  Sunday,  September  3. 
Thin  clouds;  a  doubtful  observation. 

Index  11,5 
letdown  cloth  12,4 
lifted  plummet  12,0 
12,1 
after  11,8 
12,0 

17h.  35'  55"  Cap.  Drac.  entered,  steady,  but  very  visible  through  the 
thin  clouds;  at  cross,  index  14",2.  (by  twilight.)  Hence  star  1 V  ,8  north. 
Supposing  index  at  passage  to  be  12",0. 

1727,  Monday,  September  4. 

// 

Index  7,2 

then  let  down  the  cloth,  index  11,0 
let  down  again,  index  11,1 
11,2 

11,0  mean  11",1. 
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At  17h.  35'  49"  Cap.  Drac.  entered,  very  steady,  and  distinct  all  the  way ; 
a  very  good  observation ;  well  bisected  at  cross ;  index  1 2",1 .  Hence  the  star 
is  16",0  north  of  the  mark. 

1727,  Saturday,  September  23. 

Index  7,8 
7,6 

then  Mr.  Gray  let  down  the  cloth,  index  6,8 

6,9 

then  the  cloth  let  down  again  by  John  Haynes  6,8 
then  let  down  again  by  J.  Haynes,  7,0 

At  17 h.  33'  37"  Cap.  Drac.  entered,  pretty  steady,  but  not  very  distinct; 


index  G,S) 
index  after  passage  6,5 
6,6 

Suppose  7",0  index  at  transit,  then  the  star  is  17*,!  north. 

1727,  Wednesday,  September  27. 

* 

Index  0,6 
let  down  cloth,  index  7,0 

then  lifted  the  plummet  and  cleaned  the  pluinbline  above  and  below, 

■ 

index  5,0 
let  down  cloth,  index  5,6 
after  transit,  index  5,5 

5,0  mean  5" ,5. 

At  17h.  33'  9"  Cap.  Drac.  entered,  very  dim,  and  somewhat  fluttering,  at 
cross  doubtfully  it  was  6",2.  Hence  the  star  is  16",3  north.  A  doubtful 
observation  in  all  respects ;  I  fear  the  tube,  now  full  of  cobwebs,  must  be 
cleaned,  by  taking  down  the  plumbline  and  drawing  cloths  through  it. 

1727,  Sunday,  October  1. 
Mr.  Bradley  here  to  clean  the  tube  from  cobwebs,  we  proceeded  thus ;  first 
without  touching  the  inside  of  the  tube, 

// 

index  1,1 
1,2 

then  let  down  the  cloth  as  usual,  index  1,6 

1,6 
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then  I  took  off  the  plummet  and  let  the  line  coil  up  as  much  as  I  could,  as 
for  an  observation ;  then  fixing  on  the  plummet  again; 

index  1,9 
1,9 

then  I  let  down  the  cloth  and  pinned  a  towel  to  it,  and  drew  it  up  quite 
through  the  tube,  and  let  it  down  again,  and  drew  it  up  again ;  then 

>/ 

index  was  1,8 

repeated  the  same  again  at  another  side  of  the  tube, 


then  index  2,0 
and  1,9. 

1727,  Friday,  December  29- 

Index  5fl 
5,3 
5,4 

At  17h.  43"  32"  Cap.  Drac.  entered,  exceedingly  dim,  scarce  visible;  bi- 
sected at  the  cross  doubtfully;  index  13",2.    Hence  star  7",9  south  of  the 

[This  is  the  last  observation  made  and  entered  at  Kew.] 


C  c 
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MEMORANDA 


RESPECTING  THE  INSTRUMENT  AT  WANSTED*. 


MARCH  28,  looked  at  an  object  with  the  12  J  feet  glass,  and  when  the 
object  was  distant  from  the  object-glass  S  chains  80  links  =  250  feet  9£ 
inches,  the  respective  focus  was  13  feet  2,75  inches.  Hence  the  true  focal 
length  for  distant  objects  is  12  feet  6,8  inches. 

March  31.  I  put  the  glass  into  a  turned  cell,  and  found  that  the  centre 
of  the  glass  was  not  exactly  in  the  middle  of  the  cell ;  but  turning  it  side  for 
side,  the  difference  occasioned  an  alteration  in  the  place  of  the  object  about 
i- of  a  minute. 

I  then  made  a  mark  on  the  rim  of  the  glass  at  that  place  where  the  centre 
lies  directly  in  a  diameter,  so  that  if  that  line  lies  in  the  line  of  the  axis  of 
the  tube  or  the  wire  the  star  moves  along,  no  alteration  in  the  aperture  can 
affect  the  motion  of  a  star  north  or  south. 

N.  B.  The  centre  of  the  glass  lies  nearer  that  side  of  the  glass  where  the 
mark  is  made  than  the  other. 

April  1st,  I  tried,  by  looking  at  a  fixed  object,  whether  by  placing  an  aper- 
ture not  true  to  the  centre  of  the  object-glass,  there  would  arise  any  sensible 
difference  in  the  place  of  the  object  when  the  aperture  was  on  different  sides 
of  the  centre,  but  I  could  not  perceive  any ;  so  that  any  apertures  may  safely 
Ik-  put  in  the  cell  of  the  object-glass,  without  fear  of  causing  any  alteration 
in  the  place  of  a  star.  I  likewise  tried  by  looking  at  a  fixed  object  through 
the  12£  feet  glass  with  ray  eyeglass  of  If  inch,  to  what  certainty  I  could 
bring  the  thread  of  the  micrometer  to  the  same  object;  and  by  many  re- 
peated trials,  I  found  that  the  extremes  did  not  differ  above  one  division  or 

■  The  original,  from  which  these  are  printed,  is  in  Bradley's  handwriting,  and  where  nothing 
to  the  contrary  is  noted,  the  same  is  to  be  understood  of  all  which  follows  in  this  part  of  the 
collection. 
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of  a  revolution  of  the  screw,  and  therefore  we  may  suppose  that  the  eye 
can  distinguish  about  half  that  quantity,  or  about  Vo  of  a  revolution  through 
that  eyeglass,  or  one  of  2  inch. 

100  revolutions  of  the  micrometer  being  2,46  inches,  one  revolution  is 
0,0246  inch,  and  t'b  of  that  will  be  0,0003075,  or  about  tt'<t  part  of  an  inch. 
If  the  focus  of  the  object-glass  be  12  feet  6,5  inches,  then  -j-iVith  part  of  an 
inch  subtends  about  25"',  or  not  quite  half  a  second,  so  that  it  seems  that 
one  might  observe  through  this  object-glass  charged  with  a  two  inch  eye- 
glass, so  as  not  to  differ  from  the  truth  above  half  a  second,  supposing  the 
object  fixed ;  and  a  star  moving  along  a  thread  may  perhaps  be  as  exactly 
observed  as  a  fixed  land  object,  when  it  does  not  flutter. 

tt't»  part  of  an  inch  in  the  focus  of  the  eyeglass,  supposing  it  If  inch,  is 
about  35"  seen  through  it :  according,  therefore,  to  this  experiment,  my  eye 
can  discern  an  angle  of  about  half  a  minute,  so  that  in  the  telescope  which 
will  magnify  between  70  ami  80  times,  I  shall  be  able  (as  above)  to  perceive 
any  difference  that  exceeds  £  a  second. 

April  the  third.  I  tried  again  what  alteration  was  sensible  through  the 
12  feet  tube,  and  found  that  with  the  2 J  inch  eyeglass,  I  could  always  bring 
it  to  the  same  object  within  about  a  division  of  the  micrometer,  so  that 
according  to  this,  my  eye  discerns  an  angle  less  than  4  a  minute,  or  about 
^  of  a  minute. 

Memorand.  Land  objects  appear  rather  too  dark  through  the  12  feet  tube, 
charged  with  the  shortest  eyeglass  of  1,8  inch.  An  eyeglass  of  about  2  inches 
or  2  J  may  perhaps  be  better,  because  objects  will  appear  more  distinct  and 
brighter. 

The  distance  between  the  two  floors  is  7  feet  6  inches,  the  cross  hairs 
must  be  2  feet  6  inches  above  the  lower  floor,  that  is,  5  feet  below  the  upper- 
most; and  that  part  of  the  beam  which  will  first  touch  the  tube  as  'tis 
moved  towards  the  south,  is  4  feet  above  the  second  floor,  or  9  feet  above 
the  cross  hairs.  The  focal  length  of  the  object-glass  is  12  feet  6£  inches, 
therefore  the  beam  is  3  feet  6£  inches  from  the  axis  of  the  tube.  We  may 
suppose  the  eye  just  13  feet  from  the  axis  of  motion,  and  5  inches  from  each 
wall  when  the  snout  is  farthest  north ;  and  if  we  suppose  the  telescope  then 
to  be  six  degrees  from  the  zenith,  there  will  then  be  room  to  take  six  degrees 
on  each  side  the  zenith,  without  touching  the  beam. 

Memorand.   The  breadth  of  the  object-glass  is  2,85  inches. 

c  c  2 
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April  5th.  I  tried  an  eyeglass  which  I  had  of  b  Scarlet,  whose  focus  is 
2.15  or  2,2  inches,  and  objects  seem  very  distinct  through  it  in  the  12  feet 
object-glass. 

April  5th.  I  cut  away  the  beam ;  and  then  by  a  plummet  took  its  distance 
(at  28  inches  from  the  comer)  from  the  plane  of  the  bricks,  and  found  it  16,7 
inches  at  the  height  of  the  cross  threads,  or  30  inches  from  the  floor. 

I  afterwards  hung  a  plummet  out  at  the  top  of  the  chimney,  and  took  its 
distance  at  top  and  below,  and  found  that  the  plane  of  the  chimney,  where 
the  upper  iron  work  must  be  fastened,  hangs  over  about  0,15  of  an  inch,  the 
wall  at  top  being  so  much  nearer  the  plumbline,  than  the  wall  where  the 
lower  fastening  will  be.  I  measured  the  distance  also  of  the  south-east  corner 
of  the  wall,  from  the  line  above  and  below,  arid  found  that  the  top  part  did 
not  project  so  much  as  the  bottom  by  1,5  inch  exactly. 

Memorand.  4j  inches  will  be  enough  from  each  wall  for  the  snout  at 
bottom. 

Memorand.  The  cross  hairs  must  be  put  just  2,1  inches  from  the  vertex 
of  the  eyeglass,  if  I  make  use  of  that  which  I  had  of  Scarlet,  whose  focus  is 
2,2  inches ;  for  they  will  appear  most  distinct  and  clear  in  that  situation, 
especially  at  the  cross. 

Memorand.  If  the  aperture  of  the  eyeglass  is  1,35  inch,  the  telescope  will 
take  in  an  angle  of  just  half  a  degree. 

April  8.  I  tried  the  focal  length  of  the  12£  feet  object-glass,  and  found  it 
(by  help  of  a  near  object)  for  parallel  rays  to  be  exactly  12  feet  6  inches,  or 
half  an  inch  shorter  than  is  supposed  above. 

Memorand.  The  distance  between  the  wall  at  the  bottom  of  our  gar- 
den, and  inner  edge  of  the  broad  stone  at  the  fore-door,  is  2  chains  95  ^ 
links. 

The  arch  of  one  second  in  a  radius  of  12£  feet,  or  150  inches  is  ,T'77th 
part  of  an  inch. 

April  14.  I  tried  the  focal  length  of  the  1  ~  .1  feet  glass  by  several  fixed 
stars,  and  found  that  the  true  focal  distance  is  12  feet  6,3  inches,  so  that  the 
cross  hairs  must  be  12  feet  6  ±  inches  from  the  inner  vertex  of  the  object- 
glass.  This  was  done  with  care. 

May  10th.  The  beam  may  be  cut  away  till  the  lower  part  of  it  is  19  inches 
from  the  plane  of  the  lower  fastening.  Suppose  the  diameter  of  the  tube  to 
be  just  four  inches,  and  the  snout  to  be  five  inches  from  the  wall  of  the  chim- 

•>  Scarlet  was  an  optician,  and  lired  near  St.  Annc'a  church,  London.  Smith  s  Optics,  p.  378. 
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ney  which  is  to  be  broke  into  to  let  the  arch  move  through  it,  and  to  be 
then  6a  from  the  zenith,  then  the  snout  will  be  19J  inches  from  the  same 
wall  when  the  telescope  is  vertical. 

Suppose  the  tube  to  be  just  free  of  the  beam  when  the  snout  is  6°  towards 
the  south. 

Memorand.  Mr.  Graham  in  his  draught  (according  to  which  he  designs  to 
proceed  in  making  all  the  parts  of  the  iron  work,  &c.)  supposes  that  if  a  per- 
pendicular be  let  fall  from  the  centre  of  the  glass  to  the  wall,  'twill  meet  it 
just  20  inches  from  the  corner,  and  that  the  middle  of  the  glass  will  then  be 
14±  inches  from  the  wall. 

Supposing  the  perpendicular  distance  as  above  to  be  14^  inches,  and  the 
diameter  of  the  tube  four  inches,  and  the  arch,  the  telescope  moves,  to  be  six 
degrees,  then  the  beam  must  be  cut  away  so  as  to  be  18,87  inches  from  the 
wall,  in  order  to  make  the  tube  just  free  from  it;  if  therefore  the  beam  is  cut 
away  nineteen  inches,  there  will  be  full  room. 

Mem.  June  12.  At  the  beam,  or  S£  feet  from  the  object-glass,  the  rafters 
must  be  26  inches  from  the  south-east  front  of  the  wall,  and  from  the 
other  18,4. 

At  the  middle  floor  the  opening  must  be  30,4  inches  from  the  south-east 
wall,  and  20,6  inches  from  the  south-west 

June  11th,  1727,  22h.  57^  by  the  clock,  the  sun  was  in  the  plane  of  the 
wall  to  which  the  iron  work  is  to  be  fastened;  the  clock  went  (f  56"  too 
slow  for  apparent  time.  By  this  observation  the  plane  of  the  wall  at  top  is 
28°  39'  from  the  south,  easterly. 

June  12th,  22  h.  59'  by  the  clock,  the  sun  in  the  plane  of  the  wall.  Clock 
too  slow  for  apparent  time  0'  45":  by  this  observation  the  plane  of  the  wall 
is  28*  16'  from  the  south,  easterly. 

"  bThis  instrument,  constructed  by  that  excellent  artist  Mr.  Graham,  with 
his  peculiar  elegance  and  accuracy,  was  fixed  up  at  Wanstead  in  the  year 
1727,  for  the  use  of  that  great  astronomer  Dr.  Bradley;  who,  from  his  first 
year's  observations  with  it,  discovered  the  apparent  motion  of  the  fixed  stars, 
which  he  called  the  aberration  of  light,  and  settled  the  laws  of  it;  and,  from 
the  same  observations  continued  for  a  course  of  twenty  years,  discovered  the 
nutation  of  the  earth's  axis :  two  discoveries  so  profound,  and  at  the  same 

b  The  following  description  of  the  instrument  ia  taken  from  Dr.  Maskelyne's  preface  to  the 
first  volume  of  hit  Greenwich  Observations,  p.  ix.  nothing  of  thia  kind  having  been  found  among 
Bradley  *  papers  excepting  the  preceding  memoranda. 
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time  so  useful  and  necessary  to  the  improvement  of  astronomy,  that  tiiey 
will  ever  do  him  honour,  while  accurate  observations  and  astronomical  spe- 
culations arc  held  in  estimation. 

"  The  tube  of  the  telescope,  which  constitutes  the  radius  of  the  instrument, 
is  about  12|  feet  in  length,  made  of  iron  plates  tinned  over,  and  is  suspended 
at  the  top  by  two  horizontal  cylinders,  placed  directly  opposite  each  other, 
on  contrary  sides  of  the  object-glass ;  the  common  axis  of  these  cylinders  lies 
in  the  plane  of  the  prime  vertical,  and  they  rest  in  upright  angles,  like  the 
pivots  of  the  axis  of  a  transit  instrument.  The  arch  of  the  instrument, 
wliich  is  of  brass,  and  comprehends  twelve  degrees  and  a  half,  or  six  degrees 
and  a  quarter  on  each  side  of  the  point  answering  to  the  zenith,  is  fixed 
firmly  to  the  tube,  exactly  against  the  cross  wires  placed  in  the  common 
focus  of  the  object-glass  and  eyeglass.  It  is  divided  by  fine  points  to  every 
five  minutes  along  the  narrow  vertical  edge,  but  the  divisions  are  numbered 
upon  the  upper  or  concave  side  of  the  arch,  and  shewed  nearly  the  dis- 
tances of  stars  from  the  north  pole  at  Wanstead,  with  the  limb  facing 
the  west. 

"  Parallel  to  the  arch  of  the  divisions,  and  at  the  same  height,  but  behind 
the  telescope,  there  is  another  arch,  called,  from  its  position,  the  back-arch ; 
fixed  firmly  to  the  wall  in  the  plane  of  the  meridian,  and  serving  to  adjust 
and  direct  the  fore-arch,  and  to  hold  the  micrometer,  which  is  screwed  fast 
to  it  at  the  time  of  making  observations:  the  fine  steel  screw  of  the  micro- 
meter is  made  to  push  the  telescope  at  that  time  in  the  plane  of  the  meri- 
dian, the  telescope  being  drawn  in  a  contrary  direction  to  bear  against 
the  screw,  by  means  of  a  weight  fastened  to  a  cord  which  passes  over  a 
pulley. 

"  In  the  original  construction  of  this  instrument,  there  was  a  notch  placed 
exactly  at  the  centre  of  the  instrument,  which  was  vertical  when  the  tele- 
scope was  so,  into  which  the  plumbline,  fastened  by  a  screw  above  the 
centre,  was  introduced,  and  filled  it  exactly :  and  from  the  near  agreement 
of  Dr.  Bradley's  observations  together,  it  seems  that  this  method  of  suspen- 
sion of  the  plumbline  was  pretty  accurate.  Nevertheless,  as  it  was  still  pos- 
sible that  there  might  be  some  small  error  in  it,  whether  from  the  wire 
descending  deeper  into  the  notch  at  one  time  than  another,  or  from  its  rest- 
ing on  one  side  of  the  notch  in  observations  made  at  some  distance  from  the 
zenith,  I  thought  it  better  to  have  the  suspension  of  the  plumbline  altered, 
after  the  manner  of  that  which  was  adapted  by  Mr.  Bird  to  the  six  feet 
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sector,  constructed  by  him  for  settling  the  limits  of  Maryland  and  Pennsyl- 
vania in  North  America.  This  was  accordingly  done  by  Mr.  Bird ;  and,  the 
notch  being  suppressed,  a  fine  point  made  in  a  piece  of  gold  was  substituted 
in  its  stead,  and  accurately  placed  at  the  centre  of  the  instrument  in  the 
year  1768. 

"  As  this  sector  was  originally  designed  to  take  only  the  differences  of  the 
zenith  distances  of  stars  in  various  seasons  of  the  year,  without  any  view  of 
obtaining  their  true  zenith  distances,  Mr.  Graham  was  not  so  exact  in  laying 
off  the  total  arc,  as  he  would,  doubtless,  otherwise  have  been.  For  I  find,  by 
comparing  together  the  differences  of  polar  distances  of  stars  found  by  the 
sector,  with  those  found  by  the  south  quadrant,  that  the  sector  gives  angles 
greater  than  the  quadrant  by  2",6  in  a  degree.  Therefore  all  the  zenith 
distances  deduced  from  the  sector  are  to  be  diminished  at  the  rate  of  2",6  in 
a  degree.  But  the  divisions,  although  not  of  the  just  quantity,  seem  to  be 
laid  off  pretty  nearly  equal  to  one  another;  for  the  point  of  the  sector 
answering  to  the  zenith,  as  found  by  thirteen  stars  of  different  zenith  dis- 
tances, comes  out  the  same  within  the  compass  of  2";  the  greatest  number 
for  the  zenith  point  being  38°  24'  3",9 ;  and  the  least  result  388  24'  2",0 :  the 
mean  of  all  the  thirteen  results  being  38°  24'  3",0.  Hence,  the  latitude  of 
the  Observatory  being  exactly  51"  28'  40 ",0,  the  zenith  sector  shews  polar 
distances  7'  17"  too  small,  with  its  limb  facing  the  west  in  the  quadrant 
room ;  but,  with  its  limb  facing  the  east  in  the  transit  room,  it  shews  the 
complement  of  the  polar  distances  of  the  stars  to  76°  55'  23". 

"  It  is  farther  to  be  observed,  with  respect  to  this  instrument,  that  one 
revolution  of  the  micrometer  comprehends  thirty-four  parts;  and  that,  by 
measuring  with  the  micrometer  the  intervals  of  all  the  points  from  37°  10'  to 
39*  40',  the  mean  interval  of  the  points  came  out  8  rev.  31,0567  parts,  which 
is  equal  to  five  minutes  of  the  arch :  therefore  one  part  of  the  micrometer  is 
=  0,989914  of  the  arch;  from  which  the  correction  of  this  part  of  the  arch 
for  the  error  of  the  total  arc  at  the  rate  of  2",6  upon  a  degree,  or  0",000715, 
being  subtracted,  there  remains  0",9892  for  the  correct  value  of  one  part  of 
the  micrometer.  Hence  one  revolution  of  the  micrometer,  or  34  parts,  is 
equal  to  33",6328.  The  greatest  interval  of  any  two  points,  as  measured  by 
the  micrometer  in  manner  above  mentioned,  was  8  rev.  32,7  parts,  and  the 
least  interval  was  8  rev.  29,8  parts;  the  first  of  which  differs  1,7  parte,  and 
the  latter  1,25  parte  from  the  mean  8  rev.  31,056  parte.  Also,  by  measuring 
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the  interval  of  two  given  points  with  different  parts  of  the  micrometer  screw, 
the  same  measure  came  out  without  any  greater  difference  than  0,3  parts 
from  the  meau  result;  whence,  as  one  cannot  answer  for  any  particular 
measure,  nearer  than  this,  the  threads  of  the  micrometer  screw  may  be  con- 
cluded to  be  perfectly  equal." 
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THE  FIXED  STARS 
MADE  AT  WANSTED  IN  E&SEX, 

BY  J.  BRADLEY. 
Lat.  51°  34'4. 
1727,  August  19. 

Mr.  MOLYNEUX  and  Mr.  Graham  came  to  Wansted,  and  we  fixed  up 
the  brass  work  and  tube,  &c.  of  the  parallactic  instrument,  the  iron  work 
having  been  finished  the  week  before. 

The  radius  of  the  instrument,  or  focal  length  of  the  object-glass,  is  12  feet 
6,6  inches,  and  the  focal  length  of  the  eyeglass  is  2,2  inches,  so  that  the 
telescope  magnifies  sixty-eight  times  in  diameter. 

The  wire  in  the  common  focus  of  the  glasses  is  the  smallest,  that  is  com- 
monly drawn,  being  *iuth  part  of  an  inch  in  diameter,  and  subtends  an  angle 
of  3",113  at  the  distance  of  the  object-glass. 

The  wire  of  the  plumbline  is  much  larger,  being  about  ,  i*th  part  of  an 
inch  in  diameter,  and  subtends  an  angle  of  7",21  at  the  same  distance. 

This  wire  will  bear  about  18oz.  troy. 

The  weight  of  the  plummet  (which  I  make  use  of)  is  12oz.  4dwts.  troy; 
of  the  other,  9oz.  19dwts. 

The  tin  tube  (before  'twas  painted)  and  the  brass  hoops  at  the  ends  of  it, 
weighed  -  -  -  81b.  15oz.  averd. 

The  rest  of  the  work  fixed  to  the  tube  61b.  4oz. 

151b.   Soz.  averd. 

The  object-glass,  some  screws,  and  the  little  tin  tube,  or  aperture,  are  not 

*  These  Wansted  observations  are  printed  from  a  4to  book,  marked  W.  15,  in  which  they  are 
all  entered  by  Bradley's  own  hand. 
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included  in  this  weight ;  we  may  therefore  suppose  that  all  the  weight  that 
is  borne  usually  by  the  axis,  is  about  161b.  averd. 

There  are  81,8  threads  in  two  inches  of  the  screw,  that  the  index,  &c.  is 
fastened  to ;  so  that  one  revolution  of  the  screw  subtends  an  angle  of  33",487 
or  33"£ ;  and  the  plate  upon  this  screw  being  divided  in  34  parts,  each  divi- 
sion is  somewhat  less  than  a  second,  and  each  of  these  being  divided  into 
two ;  those  smallest  divisions  are  about  half  seconds. 

When  we  had  .fixed  up  the  instrument  and  put  on  the  wire  and  the 
heaviest  ball,  Mr.  Molyneux  and  myself  tried  with  what  certainty  we  could 
set  the  instrument,  by  bringing  the  same  spot  several  times  to  the  plumbline; 
and  from  the  trials  which  we  then  made  with  the  apparatus  for  enlightening 
the  wire,  &c.  we  concluded  that  when  the  plummet  was  dead  or  still,  the 
instrument  might  be  rectified  to  ^  of  a  second. 

One  second  upon  the  arch  is  the  t tj  t  h  part  of  an  inch;  and  therefore  \  of  a 
second  is  but  riVeth  part  of  an  inch.  The  focus  of  the  glass  with  which  we 
viewed  the  wire  and  spots  is  about  ^  ths,  or  somewhat  less  than  an  inch ;  if 
its  focus  was  just  an  inch,  then  one  second  on  the  arch  of  the  instruments  viewed 
through  this  glass  would  subtend  an  angle  of  150  seconds,  or  £\.  An  eye 
therefore  that  can  distinguish  an  angle  of  about  40",  might,  by  the  help  of  the 
glass  we  used,  distinguish  about  a  quarter  of  a  second  on  the  arch,  as  we  did. 
I  have  found  by  other  trials,  that  when  objects  appear  distinct  and  bright,  my 
eye  can  distinguish  to  less  than  half  a  minute,  especially  when  'tis  to  judge 
whether  a  small  spot  is  bisected  by  a  thread  that  nearly  covers  it.  For  when 
I  tried  the  object-glass  belonging  to  this  instrument,  I  found  (by  looking  at 
a  land  object  through  it,  that  appeared  distinct)  that  I  could  bring  the  thread 
of  my  micrometer  to  the  same  object  always,  without  a  difference  in  the 
several  trials  of  more  than  one  second,  so  that  I  was  able  to  distinguish 
through  this  glass  what  subtended  an  angle  of  about  half  a  minute  in  my 
eye,  supposing  the  glass  to  magnify  60  times,  which  it  did  with  the  eyeglass 
that  I  then  used.  Upon  these  considerations,  therefore,  'tis  not  so  much  to 
be  wondered  that  the  eye  should  see  through  such  a  glass  as  we  look  at  the 
plumbline  with,  so  small  a  part  of  an  inch  as  TJ'n.  as  that  the  plumbline 
should  always  return  again  to  the  same  situation  within  that  quantity ;  for 
'tis  evident  that  it  will,  by  the  trials  one  may  make  either  by  moving  it  to 
and  fro,  and  then  let  it  settle  again;  or  by  taking  the  plummet  away,  and 
then  bringing  it  again;  for  in  either  case  there  is  seldom  a  quarter, of  a 
second  difference. 
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Aug.  19-  Caput  Dracou.  Having  fixed  every  thing,  and  satisfied  ourselves 
as  to  the  exactness  of  setting  the  instrument,  we  prepared  to  observe  Caput 
Dracouis,  and  adjusted  88'  25'  to  the  pluinbline;  index  being  at  18  rev.  31",0. 

At  7h.  5'  11"  by  my  study  clock,  the  star  entered,  and  about  a  minute 
after  I  bisected  it;  then  index  stood  at  21  rev.  1",0;  after  that  I  tried  to  bisect 
it  again,  but  thought  it  not  very  exact;  however,  Mr.  Molyneux  found  index 
at  21  rev.  2",0- 

At  7h.  7'  4"  the  star  passed  the  cross,  when  I  bisected  it  again;  index  21  1,6. 

At  7h.  8'  58"  the  star  went  out.  After  this  we  put  on  the  plummet  again, 
and  bringing  the  same  spot  to  it,  we  found  index  the  same  as  before;  viz. 
18 rev.  81",0;  deducting  therefore  18  rev.  31"  from  21  rev.  1",6,  the  remainder 
2  rev.  4",6  gives  the  distance  of  the  spot  from  38°  25';  the  star  being  so  much 
south  of  the  spot.  If  we  suppose  one  revolution  of  the  screw  to  be  38"£, 
then  this  star  is  1'  11"$  south  of  389  25'  on  the  instrument;  that  is,  38°  26' 
11"£  from  the  pole,  by  the  instrument.  By  Mr.  Flamsteed's  Catalogue,  this 
star  should  be  38°  2T  50"  from  the  pole,  so  that  the  divisions  on  the  instru- 
ment shew  the  distance  from  the  pole  about  1'  40"  too  little,  supposing  the 
distance  of  this  star  from  the  pole  to  be  true  in  the  Catalogue. 

By  the  time  of  this  star's  passing  through  the  aj»erture  of  the  eye-glass, 
the  angle  taken  in  by  the  telescope  is  about  35'  of  a  degree. 

Aug.  20,  &  Drac.  I  brought  37"  30'  to  the  plumbliue,  index  being  12  rev. 
17",3;  afterwards  I  observed  $  Draconis  well  bisected  at  the  cross,  index 
being  7  rev.  21",8;  so  that  this  star  was  4  rev.  29",5  north  of  37°  SC. 

After  this  I  bisected  y  Drac.  at  cross,  index  being  13  rev.  15",8;  having 
adjusted  38"  25'  to  the  plumbline,  both  before  and  after  the  transit,  I  found 
index  at  11  rev.  12",5 ;  so  that  by  this  night's  observation  the  star  was  2  rev. 
8",3  south  of  the  spot. 

This  star  appeared  with  too  great  lustre  this  evening,  and  seemed  to  flut- 
ter and  dance  from  one  side  of  the  thread  to  the  other,  as  it  passed  along,  so 
that  'twas  difficult  to  judge  when  'twas  truly  bisected. 

Aug.  21.  /3  Drac.  bisected  at  cross,  index  9  rev.  5\9 ;  before  and  after, 
index  was  14  rev.  2",8,  when  37* 30'  was  brought  to  the  plumbline;  so  that 
by  this  night's  observation,  star  is  4  rev.  30",9  north  of  mark. 

Aug.  21.  y  Drac.  passed;  index  17  rev.  15",0;  before  and  after,  index  15 
rev.  11",5.    Hence  star  2  rev.  3",5  south  of  mark.   Star  fluttered  much. 

Aug.  22.  Mane,  Capella  passed,  bisected  at  cross ;  index  21  rev.  26",4;  be- 
fore and  after,  index  was  17  rev.  2",8,  when  44°  15'  was  brought  to  the  plumb- 
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line.  Hence  Capella  is  4  rev.  23",6  south  of  44*  15'.  The  star  fluttered  much, 
and  appeared  with  too  much  lustre,  though  I  had  put  on  a  2  inch  aperture. 
I  must  lessen  therefore  the  aperture  more  for  bright  stars. 

1727,  Aug.  22.  After  I  had  made  this  observation,  I  adjusted  449 10'  to  the 
plumbline,  index  being  at  8  rev.  5",5 ;  as  also  44°  20',  and  then  index  stood  at 
26  rev.  2";  the  arm  that  carries  the  screw  and  index  being  all  the  while  : 
as  before  the  observation.  These  ten  minutes  therefore  on  the  arch,  i 
to  17  rev.  30",5  of  the  screw.    Hence  one  revolution  is  =  S3",53. 

These  marks  compared  with  44°  15',  give  between  44«  10'  and  44s  15', 
8  rev.  31",S,  for  five  minutes ;  and  between  44°  15'  and  44°  20',  8  rev.  83",2; 
the  difference  between  them  being  but  two  seconds. 

By  Mr.  Flamsteed's  Catalogue,  the  distance  of  Capella  from  the  pole  should 
be  at  this  time  44°  18'  20";  by  this  day's  observation  'tis  44*  17'  37",  by  the 
divisions  on  my  instrument,  that  is  only  0'  43"  too  little,  differing  almost  a 
minute  from  y  Draconis. 

Aug.  22.  p  Drac.  2  inch  apert.  This  evening,  as  I  was  letting  down  the 
plummet  in  order  to  adjust  the  instrument  for  observing  /S  Dracon.,  the  wire 
broke  five  or  six  feet  from  the  bottom :  1  suppose  it  was  coiled  thereabouts, 
otherwise  I  know  not  how  to  account  for  it.  I  immediately  prepared  to  fix 
on  another  wire,  and  had  finished  it  time  enough  to  observe  /3  Drac ,  which 
1  bisected  at  the  cross;  index  being  16 rev.  3",7;  before  and  after  transit,  index 
was  20  rev.  33",5.  By  this  night's  observation,  therefore,  the  star  was  4  rev. 
29",8  north  of  37°  30'. 

y  Drac.  2  inch  aperture,  y  Drac.  parsed  bisected  at  cross;  index  22  rev. 
28",5;  before  and  after,  index  20  rev.  26",5.  Hence  the  star  is  2  rev.  2",0 
south  of  38°  25'. 

By  comparing  this  night's  observations  of  these  two  stars  with  those  made 
yesterday  and  the  day  before,  it  appears  that  different  plumblines  occasion 
no  sensible  alteration  in  adjusting  or  rectifying  the  instrument;  for  the 
difference  between  this  and  the  last  night's  observations  plainly  arises  from 
the  uncertainty  of  bisecting  the  stars;  the  difference  in  the  two  stars  being 
contrary  to  what  it  would  have  been,  if  it  had  proceeded  from  the  wire. 

Her.   ii  Ret.  „  Rer.  „  .  - 

x  Cygni  passed;  index  23    8,7  B.  22  11,0  star  0  31,7  south  of  37  5 

i                              24  13,7  B.  &  A.  20  28,0  —  3  19,7  south  of  40  20 

U                           23    4,2  B.  &  A.  21  18,8  —  1  19,4  south  of  40  0 

$  Ceph.                    24  21,7  B.  fc  A.  22  19,0  —  2  2,7  south  of  33  5 

(8  Cass.                      2  23,7  A.  3  22,7  —  0  33,0  north  of  32  20 
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i  Pers.  12  32,6 

t  Pern.  16  18,5 

yPers.  14  30,6 

a  Pers.  19  21,2 

8  Pers.  17  20,0 


1727. 

Rer.  U  Rcr.    «  Rer.  «  o  / 

9  Pers.       11  30,8    -       -       -       B.  &  A.  11  13,0  star  0  17,8  south  of  40  40 

B.  &  A.  12  14,2  —  0  18,4  south  of  41  55 
B.  St  A.  14  20,.'$  —  1  32,0  south  of  38  20 
B.  St  A.  17  6,2  —  2  9,6  north  of  37  35 
-  -  B.  St  A.  16  21,2  —  3  0,0  south  of  41  5 
B.  &  A.  16  33,5  —  0  20,5  south  of  43  5 

These  stars  were  all  observed  with  the  2  inch  aperture,  and  appeared 
with  too  much  lustre,  and  fluttered  much,  especially  the  brightest  of  them; 
so  that  I  believe  'twill  be  best  to  try  a  much  smaller  aperture. 

I  illuminated  the  threads  this  night  by  setting  a  small  lantern  between 
the  wall  and  object-glass,  upon  the  iron  work. 

Aug.  23.  N.  B.  In  writing  down  the  observations  in  this  book,  I  propose 
always  after  the  name  or  character  of  the  star,  to  set  down  first  the  number 
that  the  index  stood  at  when  the  star  was  bisected  at  the  cross;  and  then 
the  number  that  the  index  pointed  at,  when  the  spot  belonging  to  the  star 
was  adjusted  or  brought  to  the  plumbline  with  the  letters  B  or  A,  or  both, 
to  signify  when  the  spot  was  brought  to  the  plumbline,  whether  before  or 
after  the  transit,  or  both  before  and  after.  And  if  there  is  a  dilTerence  in  the 
rectifying  the  spot  before  and  after  the  transit,  greater  than  £  of  a  second,  I 
shall  set  down  both  the  rectifications;  but  if  less  than  that,  I  shall  set  down 
the  mean  with  the  letters  A  and  B,  signifying  that  the  index  was  the  same 
when  the  spot  was  adjusted,  both  before  and  after  the  transit  of  the  star. 

Her.   a  Rcr.   m  Rot.  //  »  / 

Aug.  23.        0  Drac.  index  12  7,5     B.  8c  A.  17  4,5  star  4  31,0  north  of  37  30 
y  Drac.  index  19  18,2     B.  St  A.  17  14,8  —  2  3,4  south  of  38  25 

Both  these  stars  moved  very  steady  this  night,  so  that  I  take  these  ob- 
servations to  be  good  and  exact. 

Friday,  Aug.  25.   Mane,  Capella  24  7,1    B.  &  A.  19  17,8  star  4  23,3  south  of  44  15 
Capella  moved  steady,  this  observation  being  made  with  an  aperture  of 
1,4  inch,  the  long  diameter  of  it  lying  east  and  west. 

/SDrac.        4  8,3  B.&A.  9  6,1  star  4  31 ,8  north 

y  Drac.      12  4,6#£     B.  St  A.  10  1,0  —  2   3,6  south. 

Both  these  observations  were  made  with  an  aperture  of  1,4  inch,  the 
long  diameter  lying  east  and  west;  the  stars  moved  pretty  steady,  and 
seemed  of  such  a  diameter  as  to  admit  of  judging  when  they  were  truly 
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bisected,  with  more  certainty  than  when  the  aperture  is  larger,  as  far  as  I 
can  guess  at  present. 

This  day  I  fixed  up  a  lamp  for  illuminating  the  divisions  on  the  arch,  and 
tried  several  glasses  of  different  lengths,  but  none  did  so  well  as  that  which 
I  have  hitherto  used,  whose  focal  length  is  about  -ftths  of  an  inch.  I  tried 
to  bring  a  spot  to  the  plumbline  ten  several  times  with  each  glass ;  and  in  that 
which  I  at  present  use,  the  extremes  of  the  ten  trials  did  not  differ  above 
£  of  a  second  from  one  another,  which  is  an  agreement  scarcely  to  be  cre- 
dited, had  not  experience  shewn  it  so  to  be. 

Rer,  /(  Rct.  ii        Her.  ii  Retr.  * 

Aug.25.  JCygni  17  29,9  flutt.  B.  14  11,2  A.  14  11,6  star  8  18,5  south 
*  —  17  25,3  B.  &  A.  16  7,8  -  -  —  1  17,5  south 
?Ceph.   19  31,4  B.&  A.  17  27,5     -  —  2   3,9  south 

5th  Locert.  Hev.  21  7,8  B.  &  A.  22  31,7     -       -      —  1  23,9  north  of  43  40 
Aug.  26.  Saturday. 

Mane,  Cap^lU  26  17,0  B.&A.21  27,5     -       -      —  4  23,5  south 

The  star  fluttered  much;  I  used  the  1,4  inch  aperture,  the  long  diameter 
north  and  south,  open  face  north. 

This  day  I  finished  the  apparatus  for  illuminating  the  divisions  and 
plumbline,  and  brought  the  line  of  collimation  through  the  little  glass  to  be 
exactly  perpendicular  to  the  divided  arch,  when  the  wire  appears  in  the 
middle  of  the  glass  aperture.  I  soldered  on  a  cap  to  the  lamp  to  hinder  the 
flame  from  disturbing  the  plummet,  which  it  did  very  much,  when  the  lamp 
was  open ;  especially  when  it  burned  fierce,  by  making  the  plummet  dance 
up  and  down.  When  I  first  perceived  this  motion  of  the  plummet,  I  thought 
that  it  had  been  occasioned  by  a  strong  wind  which  theu  blowed  on  the  chim- 
neys, but  as  the  flame  of  the  lamp  increased,  I  easily  guessed  at  the  true 
cause,  and  have  endeavoured  to  provide  against  it  for  the  future  by  means 
of  the  aforementioned  cap. 

I  likewise  painted  the  tube  this  day,  and  fixed  on  the  spring  that  bears 
the  telescope  against  the  fixed  brass  arch;  all  the  observations  having 
hitherto  been  made  without  that  spring. 

When  I  had  fixed  on  the  spring,  and  set  it  free  from  the  brass  arch,  I 
turned  the  screw  (that  raises  or  falls  the  east  end  of  the  axis  of  the  telescope 
above)  till  the  rollers  below  did  but  just  bear  lightly  against  the  fixed  brass 
arch;  and  having  before  turned  the  screw  below  (that  moves  the  snout  to  or 
from  the  fixed  arch)  so  as  to  be  near  its  middle  situation,  I  afterwards  moved 
the  top  of  the  tube  by  the  screw  that  carries  the  whole  east  and  west,  till  the 
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plumbline  was  at  a  proper  distance  from  the  divided  arch,  and  then  screwed 
all  fast  above. 

172  7.  Rev.  //  Rev.  //  Rer.  // 

Aug.  27.  y  Drac.  7  11,5  :  :  -  A.  5    7,5  star  2    4,0  south  : : 

30.  |9  Drac.  3  30,6  half-way  from  cross  B.  8  29,0 

A.  8  28,8 

Hence  star  is  less  than  4rev.  32",0  north  of  87,30. 
y  Drac       12   9,8      -      B.  &  A.  10   6,0        2   3,8  south 
d  Drac.         5  24,5       -  B.  10  15,5        4  25,0  north  of  S3  10 

138th  Drac.    3  31,4      ■  B.  6   3,6        2   6,2  north  of  37  0 

«  Cygni         6  30,7      -      B.  &  A.  5  S2£        0  32,5  north  of  37  5 

6    10  27^      -      B.&A.  7  10,3        8  17,0  south  of  40  20 

2o   10  29,6      -      B.&A.  6  11,7        4  17,9  south  of  44  0 

N.  B.  This  star  is  called  a  5th  magn.  in  Mr.  Flamsteed's  Catalogue,  but 

'tis  brighter  than  that  which  precedes  it,  which  he  calls  a  4th  magn.  0 

1  f  Cygni       6  13,2      -       B.&A.  6    9,0  star  0    4,2  south  of  43  30 
1*  Cygni      8  14,3      -      B.&A.  6  31,2        1  1 7,1  south  of  40  0 
Mem.  All  the  olwervations  hitherto  made  this  night  were  with  the  2  inch 

aperture,  open  face  north.   After  this  I  put  on  the  1,4  inch  aperture,  and 

then  observed  as  follows : 

?  Ccphci  9  1,2  -  B.  &  A.  6  33,5  2  1,7  south  .  , 
3  Lacert.  8  10,6  -  B.  &  A.  6  26,9  1  17,7  south  of  39  5 
7th  Lacert.    5  28,0       -  A.  6    3,8       0    9,8  north  of  41  5 

3  Andr.  3  5,2  -  B.  &  A.  5  18,3  2  13,1  north  of  41  25 
r  Cassiop.  6  10,7  -  B.  &  A.  6  8,7  0  2,0  south  of  3*  50 
/3  Cass.  6  20,0  -  B.  &  A.  7  19,8  0  33,8  north  of  32  20 
X  Cass.        12   3,7       -  B.  7  28,2       4    93  south  of  36  55 

•  Cass.        14  21,8       -  B.  12  29,0       1  26,8  south  of  34  55 

vCass.        16   4,4      •  A.  13   9,0      2  29,4  south  of  44  25 

»   —         10   4,8   B.  15  25,2   A.  15  24,6      5  20,1  north  of  36  20 
?  Per*.         8  18,8       -       B.  &  A.  8   5,6       0  13,2  south  of  40  40 
4th  Pcrs.       6  19,5       -       B.  &  A.  8   0,5       1  15,0  north  of  86  50 
Then  I  broke  the  lantern  with  which  I  illuminated  the  cross  threads,  so 

that  I  could  observe  no  longer. 

N.  B.  This  lantern  was  drawn  up  so  as  to  illuminate  the  threads  when 

the  face  of  the  aperture  was  north. 

Aug.  31.    Manfe,  Capella  13  10,1    -    B.  &  A.  8  23,7  star  4  20,4  south  of  44  15. 
At  the  time  of  this  observation  the  weather  was  a  little  foggy,  and  the 
fluttered  exceedingly,  so  that  I  could  not  judge  when  I  had  well  bisected 
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it  at  the  cross;  but  as  it  passed  on,  I  perceived  from  its  general  motion  that 
the  star  was  really  more  south  than  the  thread,  so  that  1  20,4  is  less  than 
the  truth.  I  likewise  this  day  forgot  to  fix  the  moveable  arm  with  both 
screws;  upon  both  these  accounts,  therefore,  this  observation  is  not  much  to 
Ik;  depended  on. 

Rct.  //  Rev.  it  Rev.  i, 

y  Drac.     11  19,0       -  -    A.  9  16,S  star  2  2,7  south. 

This  night  the  star  moved  steady;  but  I  perceived  after  it  had  passed  the 
cross,  that  the  thread  was  not  quite  north  enough,  so  that  the  star  is  really 
more  south  than  2  2,7. 

Sept.  1,  Friday.  Dr.  Halley  came  here,  but  clouds  prevented  us  from  see- 
ing either  /3  or  y  Drac;  after  they  were  passed,  the  sky  began  to  clear  up, 
so  that  Dr.  Halley  could  see.  ,  t 

138th  Drac.  index  10  3,0       B.  12  9,4  star  2  6,4  north  of  37  0 
He  likewise  bisected  *  Cygni  when  'twas  f  from  the  cross ;  index  22  1,6; 
before  and  after  21  6,7-    Hence  star  0  28,9  +  south  of 

Dr.  Halley;  6  Cygni  18  22,9  B.  &  A.  15  5,1  star  3  17,8  south  of  40  20 
I  observed  2  o  Cygni  21  22,7  B.&  A.  17  4,7  —  4  18,0  south  of  44 

Sept.  2.  Mane.  Dr.  Halley  observed  Capella;  index  24  15,2;  before  19  32^ 
after  19  32|.  Hence  star  4  16,7  south  of  44  15.  The  star  fluttered  much, 
and  he  said  that  as  it  went  out  it  appeared  to  be  more  southerly  in  reality 
than  the  thread;  he  therefore  fancied  from  this  observation  that  the  direction 
of  the  thread  was  not  right;  but  as  all  other  stars  at  going  out  appear  on 
the  other  side  of  the  wire,  this  appearance  must  be  owing  to  his  not  being 
able  to  bisect  the  star  at  the  cross,  because  of  its  fluttering. 

This  day  I  painted  the  tube  of  the  telescope  over  again. 

/3  Drac.       16  28,9  [7] b    B.  &  A.  21  20,1  star  4  30,2  north 

I  take  this  to  be  a  good  observation,  the  star  moving  steady,  and  the 
thread  being  almost  sufficient  to  cover  it. 

N.  B.  For  the  future,  in  setting  down  the  observations,  I  shall  mark  those 
which  I  esteem  good  with  this  mark^,  the  better  I  think  the  observation 
the  more  strokes  I  shall  make :  those  that  are  dubious  I  shall  mark  thus : : 

b  The  figures  which  are  annexed  between  brackets  to  the  several  obsenrations,  denote  the 
number  of  cross  lines  which  Bradley  had  made  against  them,  to  mark  the  relative  degrees  of 
goodness  which  he  considered  as  belonging  to  each :  so  [7]  is  substituted  in  this  place  for  a 
similar  mark  to  that  which  is  inserted  four  lines  below  it  in  tbe  text. 
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1727.  Rrr.  //  Rrr.  //                       Rrr.  n 

y  Draconi*  23  28,4  [8]  B.  St  A.  21  24,7  steady,  star  2  3,7  south 

Sept.  3.    0    16  6,2  [8]  B.St  A.  21   3,0  steady  —  4  30,8  north 

y    22  27,9  [8]  fi.  &  A.  20  24,6  steady  —  2  3,3 

Mane.  4.   Capella  23  31.5  [7]  B.  &  A.  19  8,5  steady  —  4  23,0  south 

This  morning  I  put  on  an  inch  aperture,  which  made  the  star  appear 
round  and  well  defined,  so  that  I  could  bisect  it  with  great  exactness,  the 
star  moving  during  this  observation  pretty  steady ;  for  which  reason  I  judge 
this  to  be  a  very  good  observation.  The  open  face  of  the  aperture  was 
north. 

2  inch  ap.  |3  Drac.        15  33,7  [7]    B.  &  A.  20  29,5  steady        4  29,8  north 
l,4inchap.y  —          22  13,9  [8]    B.  &  A.  20  10,2  steady        2  3,7 

After  I  had  made  this  observation,  I  finished  the  new  apparatus  for  illu- 
minating the  object-glass,  &c  and  altered  the  situation  of  the  light ;  the 
lantern  being  now  drawn  up  between  the  iron  work  that  supports  the 
tube,  &c.  so  that  the  face  of  the  aperture,  when  turned  towards  the  light,  is 
directly  parallel  to  the  wall  that  the  iron  work  is  fastened  to,  the  direction 
of  the  longest  diameter  of  the  aperture  being  about  28°  north  of  the  east 
point  of  the  horizon ;  but  I  don't  apprehend  that  this  can  cause  any  altera- 
tion in  illuminating  the  threads,  or  in  the  apparent  places  of  the  stars ;  how- 
ever,  I  propose  for  the  future  to  place  the  faces  of  the  apertures  the  same 
way  both  when  I  use  a  light,  and  when  there  needs  none ;  except  I  vary  it 
on  purpose  to  try  whether  I  can  find  any  alteration  from  the  different  posi- 
tion of  the  apertures.  e 

2  o  Cygni    16  27,8  [4]       -       B.  fit  A.  12  8,1  star  4  19,7  south  44  0 
1,4  ap.  3*    —       12  2,5  [5]       -       B.&A.  13  3,6  —  1   1,1  north  41  40 

3  Androm.  10  9,4  [5]  -  B.  8c  A.  12  21,3  —  2  11,9  north  41  25 
t  Caasiop.   17  22,6  [5]  -       B.  fit  A.  17  23,4  —  0  0,8  north  32  50 

0                16  31,2  [5]  18  1,6  —  1   4,4  north  32  20 

X                20  15,4  [5]  -       B.&A.  16  8,3  —  4  7,1  south  86  55 

»                17  19,8  [4]  B.  15  28,8   A.  15  31 ,5  —  1  22,8  south  34  55 

N.  B.  As  I  went  to  lie  down,  I  touched  the  telescope  and  made  it  fly 
back,  which  I  suppose  occasioned  this  difference  in  adjusting  the  spot  before 
and  after  the  transit  Then  clouds  hindered  me  from  observing  any  more 
before  I  went  to  bed. 

Mane.  5.   Capella       13  1,0  [8]       -       B.St  A.  8  11,3        4  23,7  south 

This  morning  I  put  on  the  inch  aperture,  its  face  being  set  the  contrary 
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way  to  what  it  was  in  the  last  observation  of  this  star ;  and  from  the  agree- 
ment between  the  two  observations,  it  appears  that  the  different  situation  of 
the  aperture  occasioned  no  sensible  alteration  in  the  apparent  place  of  the 


Sept.  5.  I  saw  for  the  first  time  or  the  tip  of  the  great  Bear's  Tail, 
very  distinctly;  index  at  transit  being  5  rev.  23",3;  after  transit,  index  was 
1  18,0,  when  39°  15'  was  adjusted  to  the  plumbline ;  so  that  this  star  is  by 
this  observation  4  5,3  south  of  39°  15'.  The  thread  wholly  covered  the  star, 
so  that  I  could  not  see  whether  'twas  on  the  middle  of  it  or  not,  but  I  sup- 
pose such  an  observation  cannot  differ  much  from  the  truth. 

1727.  Rcy.  m  Rcr.  //  Rtr.  „ 

Mane.  Sept.  7.  Capella  17  11,6  [5]       B.  k  A.  12  21,4  flutt.        4  24,2  south 

This  morning  the  star  fluttered ;  but  I  take  this  ottservation  to  be  pretty 
good.    I  used  the  inch  aperture  with  its  face  towards  the  wall. 

Mem.  I  must  use  the  lamp  in  the  next  observation  to  illuminate  the  cross 
threads,  for  they  did  not  appear  distinct  enough  in  this. 

2inchap.    3Dne.   7  18,3  [8]       B.  &  A.  12  14,3  hazy        4  30,0  north 

1,4  np.    y  —    14  31,6  [8]       B.  &  A.  12  28,7  2  2,9  south  [8] 

Mane.    8.    Capella  17  4,4  [5]  B.  12  14,8  A.  12 15,2  4  23,3  south 

I  illuminated  the  threads  this  morning  for  the  first  time,  and  used  the 
inch  aperture.  Capella  appeared  pretty  distinct,  but  fluttered  much ;  the  air 
was  a  little  hazy,  but  I  believe  the  observation  is  pretty  exact.  0  , 

9  Cass.  10  28,1  B.  12  30,7  A.  12  31,1  2  2,8  north  85  45 

3    —  13  29,7  B.St  A.  15  2,4  [6]  1   6,7  north  32  20 

x    —  20   1,0::  B.  &  A.  15  28,3  4  6,7  south  3655 

%   —  18  8,2  flutt.  [4]       B.  16  20,9  A.16  21,3  1  21,0  south 

t»—  11  23,7  [5]  B.  &  A.   9  28,3  1  29,4  south  32  15 

i    —     S  14,1  [6]  9  05,6  5  25,5  north  36  20 

34th—  12  0,3  16]  10  14,3  1  20,0  south  33  10 

•  Pers.  11  20,6  [5]  11   8,5  0  12,1  south  40  40 

Then  clouds  prevented  me  from  observing  any  more  before  I  went  to  bed ; 
but  when  Capella  passed  it  was  clear  again. 

Mane.  Sept.  9.  Capella  17  5,5  [7]        B.  12  15,3  A.  12  15,7  [4]  4  24,0  south 

18th  Camel.  Hev.  12  6,0::   B.St  A.  13  9,8  1  3,8  north  33  0 

y  Drac.  13 11,0  [6]  11   9,0  2  2,0  south 

1,4  ap.  d   —     6  20,2  flutt.         11  14,4  4  28,2  north  33  10 
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1727. 

Re*.  « 

Rev.  // 

Rev.  u                »  i 

c  Drac. 

14  13,0  Butt. 

11  12,7 

S  0,3  south  84  40 

136- 

13  30,6 

11  12,7 

2  17,9  south  34  40 

Inch  ap. 

"  Cygni 

11  10,5  [6J 

B.  &  A.  10  15,6 

0  28,9  south 

»  — 

7  10,1  [6] 

10  3,2 

2  27,1  north  38  50 

t  — 

13  ,'1,1  [6] 

10  14,8 

3  16,3  south  40  20 

*  - 

11  13,2  [41 

12  9,8 

0  30,6  north  38  15 

9.o  — 

16  32,5  [4] 

12  16,2 

4  163  south 

If  — 

12  16,4 

12  15,2 

0  1,2  south 

1»  — 

14  3,6 

18  24,6 

1  13,0  south  40  0 

/i  Ccph. 

10  24,8 

18  26,0 

3  1,2  north  34  40 

K  —  !*" 

«d,  by  my  study 

cluck,  at  9  53  51 ; 

index  16  15,9 

B.  ft  A.  14  19,0    Hence  star  1  30,9  south  33  5 

10b.  5'  14"  8  Lacert. 

15  19,0 

B.&A.14  3,6 

—  1  15,4  south  39  5 

\0h.\83g' 

9 

13  18,5 

14  20,1 

—  1    1,6  north  39  50 

10h.44'17" 

3  Andr. 

12  27,7 

15  9,8 

—  2  16,1  north  41  25 

Hazy.  8  — 

17  23,0 

15  7.8 

—  2  15.2  south  42  25 

t  Casaiop. 

15  16,0 

15  17,5 

—  0  1 ,5  north,  hazy. 

a  — 

12  20,6 

13  28,6 

—  1    8,0  north 

1,4  ap. 

19  6,0:: 

-      B.  14  33,3 

—  4  6,7  south  36  55 

a   

19  1,1 

B.&A.  1713,5 

—  1  21,6  south 

t   

11  5,8 

16  31,2 

—  5  25,4  north  36  20 

I  Andr. 

18  9,0 

16  30,8 

—  8  21,8  north  44  25 

f  1'ers. 

1811,9  :: 

18  0,1 

—  0  11,8  south  40  40 

Sept.  10. 

Capella 

25  8,5:: 

B.  &  A.  20  18,4 

—  4  24,1  Mane. 

Clouds  prevented  my  bisecting  the  star  at  the  cross,  but  I  did  it  soon 
after.  The  star  appeared  faint  because  of  clouds,  and  my  using  the  inch 
aperture. 

Sept.  11.  I  brought  38°  25',  &c.  to  the  plumbline,  and  index  stood  as 
follows : 


38  25 
38  30 
38  35 
38  40 


Index. 

0  17,3 
918,5 
18  11^ 


8  30,2 
8  82,0 
8  3  2,5 


2710,0 


Then  I  set  the  moveable  arm 
anew,  and  brought  the 
spout  again,  but  the 
way  to  the  plumbline. 


38  40 
88  35 
38  30 
38  25 


Indrl. 

30  6,7 
21  8,4 
12  10,2 


8  32,3 
8  32,2 
8  30,5 


3         26  273 


If  15'  is  =  26  rev.  26",7  then  one  revolution  will  be  =  33",60058. 
If  15'  is  =  26  rev.  27",0  then  one  revolution  will  be  =  33",58945. 
The  difference  in  the  two  trials  being  out  about  t-:  wth  part  of  a  second  in 
one  revolution. 
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1727. 

Rer.  n 

Re».  // 

Rer.  h 

Sept.  11.   6  Cygni 

11  0,8 

A.  719,6 

•  3  15.2  south 

1,4  inch  a| 

>.2o  — 

10  29,7  : : 

B.&A.  612,7 

— 

4  17,0  south 

Hazy. 

So  — 

5  29,3  : : 

6  33,0 

— 

1   3,7  north 

2  inch  op. 

If  — 

7  0,1  [6] 

6  32,3 

— 

0  1,8  south 

\w  — 

9  0,5  [6] 

7  20,6 

— 

1  13,9  south 

■ 

I  Ceph. 

10  6,0[(>] 

8  8,5 

— 

1  31,5  south 

8  Ijjcert. 

11   7,1  [4] 

9  26,7 

— 

1  14,4  south 

Hazy. 

9th  

6  3,3:: 

9  31,7 

— 

3  28,4  north 

0  Cass. 

8  18,5  : :  j  out  - 

9  26,4 

— 

1   7,9  north 

X  — 

1131,9:: 

B.   7  25,3 

— 

4  6,6  south 

a  — 

14  19,5  flutt.ux>urigbt  B.&A.  12  32,8 

— 

1  20,7  south 

Hazy. 

2»  — 

12  20,5  [6] 

10  24,9 

— 

1  28,6 

9  — 

311,9:: 

9  3,9 

— 

5  26,0 

£  Androm. 

7  4,6  17] 

10  25,5 

— 

3  20,9 

p  Per*. 

11  4,0  [4] 

10  26,1 

— 

0  11,9 

4th— 

9  23,7  [4] 

11  10,1 

— 

1  20,4  north  of  36  50 

h  — 

13  22,8  [4]  4  out 

11  2,2 

— 

2  20,6  south  — 

40  10 

65th  And. 

5  16,0  [6] 

11  2,4 

— 

5  20,4  north  — 

41  0 

2inchap.  5  Pen. 

11  8,0:: 

B.  10  28,4 

— 

0  13,6  south 

T   

12  31,7  [4] 

B.&A.  11  2,9 

1  28,8  south 

Mane.  12.  Capella 

14  16,0  going  out 

9  27,5 

4  22,5  + 

Mane.  14. 

18  2,4  ::  flutt.  - 

13  14,3 

4  22,1  inch  ap. 

18  Camel. 

11  31,3 

B.  &  A.  12  29,5 

0  32,2  north  of 

33  0 

2  inch  ap. 

27   

18  5,3 

IS  25,9 

4  13,4  south  — 

33  5 

i  Aurig. 

14  24,0  [5] 

B.  14  5,6 

0  18,4  south  — 

35  45 

85th  Camel. 

17  0,2  [7] 

A.  14  25,9 

2  8,3  south  _ 

38  25 

46th  Aurig.  14  24,9  [8] 

A.  14  2,1 

0  22,8  south  — 

40  35 

N.  B.  The  85th  Camel,  is  the  star  that  Mr.  Molyneux  has  observed,  which 
he  calls  Telescopica  in  Auriga. 


14.    ,  Urs.  Maj.  14  13,7  [8]        -   B.  &  A.  10  7,7  star  4  6,0 

This  observation  I  take  to  be  very  good,  as  far  as  I  may  depend  on  truly 
bisecting  the  star  when  'tis  uot  bright  enough  to  be  seen  on  both  sides  of  the 
thread,  which  it  was  not  now,  being  wholly  hid  by  the  thread.  The  star 
came  to  the  cross  sooner  than  it  ought  to  have  been  on  the  meridian  about 
13".  I  did  not  see  the  star  before  'twas  very  near  the  cross,  by  reason  of 
some  thin  clouds ;  but  after  I  had  once  perceived  it,  'twas  very  easy  to  keep 
sight  of  it.  I  had  brought  the  thread  rather  too  near  the  star  s  track,  which 
perhaps  might  hinder  me  from  spying  it  sooner.    I  believe  'tis  best  for  the 
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future  to  set  the  thread  about  one  revolution  of  the  screw  from  the  star's 
path. 

1727.  Kct.  //  Her.  „  Rcr.  „  Rcr.  * 

y  Draconis      7  30,9  [6]    B.  5  27,9 : :  A.  5  28,5  [4]  2  2,5 

c    10  26,9  [6]       -      B.  &  A.  7  26,9  3  0,0 

136    10  9,4  [6]       -         .      7  26,9  2  16,5 

aCygni         8  9,5  [8]       -          -       7  14,9  0  28,6 

.    —  14  1,7  [6]       -         -      7  31,1  6  4,6  south  38  45 

f   —  7  17,6  [6]    B.  8  14,5     A.  8  14,8  0  31,0  north  38  15 

2o  —  11  18,1  [6]    B.7  2,5  4  15,6 

3»—  6 12,8  [8]    B.  717,3     A.  7 17,7  1  4,7 

If—  7  26,4  [6]      -      B.  &  A.  7  25,3  0  1,1  south 

9h.  3'  IT'  by  study  clock,  1*  Cygni  entered;  at  5' 6"  'twas  at  the  cross; 

index  13  6,5  [6] ;  at  6"  56"  star  "went  out,  B.  &  A.  11  28,1  1  12,4 

9h.  31' 58"  ?  Ceph.  entered,  34'  2"  at  cross;  index  14  4,6  [6];  at  36"  11"  star  went 

out,  B.&A.  12  8,9  1  29,7  south 

9h.45'2r  SLac.passed.U  7,4  [8]     -       B.&A.  12  27,7  1  13,7 

9h.58-46"9—  11  22,6  [8]     -         -      12  26,2  1  3,6 

Then  clouds  hindered  me  from  observing  any  more.  The  wind  blowed 
very  hard  at  west  all  this  night,  which  affected  the  plummet  so  that  'twas 
seldom  dead ;  but  by  making  a  great  many  trials  to  bring  the  spot  to  the 
line,  and  taking  the  mean  of  all,  I  reckon  that  I  can't  differ  materially  from 
the  truth. 

Sept.  15.  I  saw  for  the  first  time  0  Ursa?  Maj. ;  index  0  16,6  [5] 
B.  12  17,3  A.  12  18,6  [4].  Hence  star  12  2,0  north  of  32s  15' 

This  star  came  to  the  cross  17"  sooner  than  it  ought  to  have  been  on  the 
meridian,  supposing  its  R.  As.  true. 

Rev.  //  Rev.  n         Rer.  n  .  . 

y  Urs.  Maj.  11  17,8  [4]       -       B.  &  A.  10  8,1  star  1  14,7  south  of  34  45 

This  star  appeared  rather  plainer  than  /3;  it  was  at  the  cross  15"  sooner 
than  it  ought  to  have  been  on  the  meridian. 

i  Ure.  Maj.  13  27,2  [6]    B.  10  33,5    A.  11  0,5  star  2  27,0  south  of  82  .'JO 

This  star  seemed  to  me  brighter  and  distincter  than  either  /3  or  y,  though 
this  is  called  a  3d  magn.  and  those  the  2d  in  Cat.  Flam.  It  came  20"  sooner 
than  it  ought  to  have  been  on  the  meridian,  supposing  its  R.  Asc  true. 

Clouds  hindered  me  from  knowing  whether  I  could  have  seen  f  Urs.  Maj. 
or  not,  as  they  did  likewise  of  observing  ij  Ure.  Maj.  at  the  cross;  but  about 
£  a  minute  after  it  passed,  I  bisected  it  as  well  as  I  could ;  index  16  14,7 : : 
B.  &  A.  1 2  6,7-    Hence  star  4  rev.  8",0  +  south. 
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This  day,  as  well  as  last  night,  the  wind  blowed  hard  at  west,  but  the  air 
seemed  very  clear  when  free  from  clouds. 

By  the  time  of  the  passing  of  1*  Cygni  and  ?  Cephei  last  night,  the  glass 
takes  in  about  35'  of  a  degree :  suppose  it  to  take  in  just  35',  then  a  star  will 
be  more  southerly  at  the  cross  than  in  the  other  parts  of  the  aperture,  as  in 
the  following  table,  which  is  made  to  every  2  degrees  of  distance  from  the 
pole  that  the  instrument  reaches. 


O 

a 

0 

The  distance  from  the  north  pole. 

32 

34 

36 

38 

40 

42 

44 

Star  coming  in  or  going  out. 

ft 

4,3 

4",0 

m 

3,7 

3",4 

3,2 

3,0 

2,8 

i  of  tin-  (list,  from  the  cru»  to  the  outside. 

2,4 

2,2 

2,1 

1,9 

1,8 

1,7 

1,6 

£  way  from  the  cross. 

1,1 

1,0 

0,9 

0,8 

0.8 

0,7 

0,7 

^  from  the  cross. 

0,3 

0,2 

0,2 

0,2 

0,2 

0,2 

These  would  be  the  differences  supposing  the  wire  to  lie  exactly  east  and 


1727.  Sept.  15.  R« 
No  aper.  /3  Drac.  8 
2inchap.  y  — 

d  - 
c  — 
136- 
*  Cygni 

1,4  inch  »  — 
ap.  5  - 
4*  - 

inch  ap.  2  o  — 
3»  — 
lf- 

g  — 
1*  — 

5  Cephei 

index 

7  Androm 

t  Cass. 

<r  — 

0  - 
1,4  ap.   x  — 
a  — 


m  Rcr.  //  Rei\  « 

4,8  [6]  at  exit,  8  1,6    B.&A.  13  1,6 

;.  15  18  : :  cross,  15  22,9  [6]  going  out 
B.  &  A.  13  20,7 
9  15,0  [8]         -    B.  &  A.  14  9,7 
16  31,1  18]  exit  27",2  B.  &  A.  13  30,9 
16  13,4  [6]         -    B.  &  A.  18  30,9 

14  27,0  14]  flutt.  B.  &  A.  13  33,2 
19  20,2  [3]  flutt.  much  : :       13  15,4 

16  20,6  [3]  flutt.  B.  13  5,9  A.  13  6,3 

12  23,9  13]  flutt.       B.  &  A.  13  20,9 

17  32,9  [5]  flutt.  B.18  18,6  A.  18  18,2 

13  5,3  [8]  -  fi.  &  A.  14  9,8 
12  2,3  [6]  -  B.&A.  12  3,2 
22  11,5  [8]  -  18 17,0 
19 16,0  [8]  -  18  4,6 
ame  in  at  9h.  2T  58';  at  cross  at  30'  6' 
19  0,9  [6]  flutt.  B.&A.  17  5,0 
12  16,7  -  16 13,2 

15  29.4  [6]  -  16  1,6 

14  23,6              -  16  28,6 

15  22,7  [6]  cloudy  B.  &  A.  16  32,2 
21  7,3  [8]  -  17  4,3 
19  3,2  [V]  flutt.  -  1716,7 


Rttr.  // 

4  30,8  north 
15  21,0 

2  2,2  south 
4  28,7  north 

3  0,2 

2  1fi\5 
0  27,8 

6   4,8  error 

3  14,5 

0  31,0 

4  14,5 

1  4,5 

0  0,9  north 
3  28,5 

1  11,4 

;  went  out  at  33  14" 

1  29,9  south  f  , 

3  30,5  north  42  5 

0  6,2 

2  5,0  north  85  45 

1  9,5 

4  3,0  south  36  55 
1  20,5 
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1727. 

Rer.  it 

Rer.  * 

Rer.  il 

2u  Cass. 

8  0,0  [91 

6  6,0 

128.0 

1  — 

1  15,8  [6] 

7  8,0 

5  26.2  north  36  20 

f  Pcrs. 

4  !,![«::  - 

3  25,1 

0  10.0 

Then  it  grew  so 

cloudy  that  I  could  observe  no  more. 

Sept.  16.  0  Cass. 

2  21,1  [8] 

B.&A.  3  31,4 

1  10,3 

Inchap.   X  — 

7  33,8  [6] 

B.  3  29.4 

4  4.4 

a  — 

9  11,0  [8] 

B.  7  27,0 

1  18.0 

*  — 

10  28,7  [6] 

A.  8  0.5 

2  28,2  south  44  25 

Su- 

4 25,9  [8] 

B.&A.  2  32,9 

1  27,0 

fi  — 

29  21,4  [8] 

5  16,2 

5  28,8  north 

f  Andr. 

29  33,8  [8] 

3  20,8 

3  21,0 

p  Pers. 

4  10,1  [8] 

4  0,6 

0  9.5 

4th— 

5  33,0  - 

7  21,7 

1  22,7  north  36  50 

h  — 

9  29,4  [4] 

7  9,2 

2  20,2  south  40  10 

65  Andr. 

124,2  [6] 

7  10,2 

5  20,0  north  41  0 

8  Pers. 

9  7,8  [8] 

8  30,0 

0  11,8 

r  — 

11   0,7  [6] 

9  7,9 

1  26,8 

7  — 

7  1,4  [5]  flutt.  - 

916,6 

2  15,2  north  37  35 

Then  clouds. 

19.    y  Drac.  at 

entrance  14  19,4;  at 

cross  14  22,2;  [4]  at  exit  14  21,1 ; 

2  inch  ap. 

B  &  A.  12  18,9 

2  3,3 

The  star  was  quite  hid  by  the  wire  as  it  moved  along,  by  reason  of  thin 


clouds. 

d  Drac.  going  out  7  23,5;       -       B.  12  20,0        4  30,5 

c  —  at  entrance  10  3,6;  cross  10  7,9;  exit  10  5,5  B.  &  A.  7  7,2  3  0,7 

136—  entered       9  19,5 ;  cross  9  24,0 ;  [6]  exit  21",2  A.&B.  7  7,2.  Heme 


2  16,8 

*  Cygni 

7  1,1  [61 

.B.&A.  6  6,8 

0  28,3 

2  22,7  [5] 

B.  5  16,8 

2  27,6 

J  — 

10  16,3  [6] 

-  B.&A.  7  1,6 

3  14,7 

t  Cass. 

11  15,8  [8] 

-  B.&A.  11  21,4 

0  5,6 

«•  — 

8  5,1  [41 

B.  10  11,6 

2  6,5 

(3  - 

8  10,9  [61 

-B.&A.  9  20,7 

1  9,8 

K  — 

14  23,3  [4] 

10  19,6 

4  3,7 

a  — 

IS  6,9  [6] 

1122,0 

1  18,9 

2u  — 

7  7,1  [81 

5  13,7 

1  27,4 

fl  — 

2  29,1  [6] 

8  23,1 

5  28,0 

£  Andr. 

3  29,8  [3] 

7  20,0 

3  24,2 

p  Pers. 

8  6,3  [6] 

7  30,3 

0  10,0 

4th— 

5  14,8  [8] 

7  4,1 

1  23,8 
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I  used  the  two  inch  aperture  in  all  these  observations,  the  air  being  a 
little  hazy.  The  stars  generally  moved  pretty  steady  this  night.  After  the 
last  observation,  it  grew  so  cloudy  that  I  could  observe  no  more  stars. 

Sept.  20.  I  rotated  the  whole  telescope,  &c.  by  turning  the  screw  at  the 
top  about  ith  of  a  revolution,  in  order  to  make  the  southermost  of  the  rollers 
bear  a  little  more  against  the  fixed  brass  arch ;  the  apparent  path  of  the  stars 
having  hitherto  seemed  to  be  such  as  to  require  a  little  alteration  that  way, 
and  that  wheel  not  bearing  so  much  on  the  brass  arch  about  the  middle  as 
the  other,  though  it  does  at  both  ends. 

1727.  Rev.  «  Rer.  '/  Rev.  a  .  < 

Sept.  22.  y  Urs.  Mnj.  15  15,2  : :  faint       B.  &  A.  IS  33,2        1  16,0  south  34  45 

23.  (9Drac.  7  4,9  [6]  B.&A.  12  0,1  4  29,2 
2  inch  ap.  y  —         13  14,2  [8]  steady  B.  &  A.  11  10,7        2  3,5 

d  —  5  24,3  [8]         -             10 18,3  4  28,0 

c  —  15 15,9  [8]         .             12  15,9  3  0,0 

136—  14  33,4  [6]            B.  &  A.  12  15,9  2  17,5 

*Cygni  13  27,0  [4]  flutt.  -            12  33,2  0  27,8 

Inchap.  8   —  14  30,0  [6]         -            1116,0  3  14,0 

J,  —  12  5,2  [6]         -             13  3.2  0  32,0 

2o—  17 19,0  [6]         -            IS  4,9  4  14,1 

3»-  11  9,6  [6]         -            12  15,1  1  5,5 

If—  12  9,8  [6]         -            1210,0  0  0,2  north 

g  —  27  33,2  [6]         -            24  4,4  8  28,8 

1T—  15  26,4  [6]         -            1416,2  110,2 

fiCtphei  11  29,3  [7]        -            14  33,8  3  4,5  north  34  40 

£    18  8,0  [3]  flutt.  -             16 13,5  1  28,5 

Capella  20  28,0  [6]  flutt.  much       16  5,7  4  22,3 

Inchap.    18th  Camel.  16  14,7  [3]  ::     -            1713,8  0  32,6  north  33  0 

forsan  26      forsan  0  18,9 

Error.    S  Aung.  27  3,2  [3]  flutt.  -         B.  29  19,2  2  16,0  north  35  45 

S5th  Camel.  22  14,4::  too  dark            20  7,1  2  7,3  south  38  25 

46  Aung.  20  28,2  [6]        •  B.  &  A.  20  4,9  0  23,3  south  40  35 

2  inch  ap.  13  Lyncis  19  10,6  [5]  twilight      B.  20  83,4  1  22,8  north  32  35 

24.  y  Urs.  M.  1  20,7  [6]  -  B.&A.  0  3,0  1  17,7  south  84  45 
No  aper.   •    12  5,6  [6]  very  plain         9  7,8  2  31,8  south  32  30 

5    12  22,1  [6]  pretty  bright     9  7,0  3  15,1  south  S3  35 

q    13  32,2  [6]  bright,acalm  day  9  20,8  4  11.4  south  S9  15 

2  inch  ap.  j3  Drac.         7  5,2  [8]  B.  &  A.  11  33,9  4  28,7 

y    —  18  25,0  [4]        -  11  21,4  2  3,6 

25.  ,  Urs.  M.  22  5,0  [4]  faint  A.  17  29,0  4  10,0 
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Rct.  „  Rer.  a  Ker.  n 

1727.  yDrac.  14  28,1  [6]  -  -  A.  12  24,5 : :  2  3,6 
Sept.  27.  y  —        12  3,4  [9]    -  B.  &  A.  9  33,6  [8]   2  3,8 

I  judge  this  to  be  as  exact  as  I  can  possibly  observe,  the  star  moving  very 
steady  and  appearing  the  least  that  can  be  imagined  on  both  sides  the 
thread. 


2  inch  ap.  c  Drac. 

10  31,9  [6]  - 

B.  &  A.  7  31,9  [6] 

3  0,0  south 

136  — 

10  13,7  [6]  - 

B.&A.  7  31,9 

2  15,8 

*  Cygni 

7  29,2  [6]  flutt. 

B.&A.  7  1,6 

0  27,6 

i  — 

11  09,2  [8]    -  - 

7  29,6 

3  13,6 

*  _ 

7  12,8  [6]  - 

811,8 

0  33,0 

2o  — 

12  23,9  [5]  flutt.  - 

810,9 

4  13,0 

2  inch  ap.  3  a — 

6  24,6  [5]  flutt.  - 

7  31,9 

1  7,3 

1,4  inch  ap.l  f  — 

7  18,7  [3]  flutt.  very  much     7  19,7 

0   1,0  north 

g  — 

23  33,7  161  - 

20  4,8 

3  28,9 

1  x— 

23  17,0  [6]  - 

22  7,0 

1  10,0 

?  Ceph. 

26  9,2  [7]  - 

24  17,0 

1  26,2 

t  Cass. 

23  18,0  [3]  flutt.  - 

23  27,2 

9,2 

0  - 

7  23,3  [6]  - 

A.   9  1,0  [3] 

1  11,7 

Capclla 

16  8,5  [5]  flutt. 

B.&A.  11  20,2 

4  22,3 

18  Camel. 

13  12,4  [8]  too  faint 

1411,4 

0  33,0 

1  Aur. 

23  12,3  [6]  - 

B.  22  29,3 

0  17,0 

35  Camel. 

26   6,1  : :  very  dub. 

B.  23  30,7 

2  9,4 

46  Aur. 

26  19,1  [8]  - 

B.  8c  A.  25  29,6 

13  Lync. 

25  17,9  [8]  - 

27  8,0 

1  24,1  north  32  35 

No  ap.  29.  y  Drac. 

14  11,0  Jin.  Hll^jout.A.  12  8,2 

2  3,0  +  0,8 

l,4apcr.    x  Cygni 

13  23,2  [8]  B.12  28,9      A.  12  29,4 

0  28,0 

l,4apcr.  /SCasn. 

9  14,8  18]  - 

B.  &  A  10  28,2 

1  13,4 

Ocloh.  8.  y  Drac. 

15  13,9  [8]  - 

B.&A.  13  9,4 

2  4,5 

l,4aper.    x  Cygni 

17  5,8  [6]    -  - 

A.  16  12,0 

0  27,8 

a  — 

19  5,0  [5]  - 

B.&A.  15  24,8 

3  14,2 

*  - 

13  29,2  [5]  - 

14  27,7 

0  32,5 

2o  — 

20  0,8(5]  - 

15  20,2 

414,6 

3»  — 

14  29,7  [6]  - 

16  1,7 

1  6,0 

1  T  — 

17  7,2  [6]  - 

15  33,7 

1  7,5 

£  Ceph. 

18  8,4  [8]  - 

16  17,9 

1  29,5 

t  Caas. 

16  14,0  [4]    -  - 

16  25,8 

0  11,8 

0  - 

10  12,3  [8]  - 

11  28,0 

1  15,7 

1,4  ap.    a  — 

18  2,6  [9]    -  - 

11  23,8 

1  12,8 

Oct.  10.    x  Cygni 

13  12,3  [8]   B.  12  17,8   A.  12  18,4 

0  28,0 

3  — 

16  25,7  [8]   B.  &  A.  twilight  13  11,2 

314,5 

Ff 
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i  tot 

1  Jit/. 

Rct.  // 

Her.  ;/ 

Hfr.  // 

2inchap.  J»  Cygni 

12  32,6  [7]  ilium.  - 

13  30,3 

0  31,7 

8o  — 

18  32,2  [8]  - 

14  16,8 

415,4 

3«— 

13  6,4  [7]    -  - 

1412,7 

1  6,3 

It  — 

15  8,9  [8]  - 

14  1,0 

1  7,9 

<  Ceph. 

14  0,7  [8]    -  - 

12  10,7 

124,0 

Oct.  12.    «  Cass. 

10  21,3  [6]  - 

A.  9  9,8 

1  11,5 

2  inch  ap.  2  u  — 

10  28,5  [9]  steady 

B.&A.  9  9,1 

1  19,4 

13.    ?  Urs.  m. 

6  5,9  [8]brightB.217,9A.  219,9 

3  20,0 

Man&.  In  this  observation  there  was  the  greatest  difference  between  the 
plummet  before  and  after  the  observation  that  I  have  yet  met  with;  but  I 
believe  it  must  be  owing  to  some  cobweb  or  spiders,  &c.  for  just  after  the 
observation,  I  found  the  index,  when  the  spot  was  rectified,  at  S  18,8 ;  I 
then  lifted  up  the  water  and  plummet,  and  getting  it  down  again,  I  found 
index  at  2  19,9 ;  and  removing  the  water,  &c.  again,  index  was  2  20,1 ;  so 
that  I  conclude  that  the  true  rectification  for  this  observation  should  be 
2  19,9 ;  and  that  the  star  is  3  20,0  from  the  spot. 

The  star  appeared  very  bright  and  plain  to  be  seen,  otherwise  I  should 
have  missed  it,  because  I  looked  for  it  two  minutes  before  it  came  to  the 
cross ;  its  right  asc.  in  Mr.  Flamsteed's  Catalogue  being  set  30'  of  a  degree 
wrong,  but  'tis  right  in  Dr.  Halley's  edition. 

Urs.  M.      8  82,6  [5]    -       B.  &  A.  4  16,6        4  16,0 

After  I  had  made  these  observations,  I  brushed  down  the  dust,  &c.  all 
about  the  telescope,  and  dropped  some  paper  down  about  the  wire. 
y  Drac.  7  4,4  [6]  |  out  +  ,  B.  &  A.  4  83,5        2  5,9 

Clouds  hindered  me  from  bisecting  the  star  at  the  cross,  but  I  did  it  when 
'twas  a  little  more  than  half-way  out;  so  that  I  suppose  the  star  at  the 
cross  1"  more  south  than  the  index. 


Rer.  * 

Rer.  ii 

Rer.  * 

"  Cygni 

8  15,7  [8]            B.  &  A. 

7  21,8 

0  27,9 

2  inch  ap. 

«  — 

11  19,7  [6]  flutt.  - 

8  5,8 

3  13,9 

*  - 

8  18,1  [6]  flutt.  - 

9  17,4 

0  33,3 

So  — 

13  27,0  [5]  flutt  much 

9  12,5 

4  14,5 

3»— 

8  6,5  [8]  steady 

9  13,8 

1  7,3 

1*  — 

10  8,8  [6]  steady 

9  2,2 

1  6,6 

2  inch  ap. 

I  Ceph. 

13  17,0  [5]  flutt.  much 

11  28,0 

1  23,0 

Inch  ap. 

r  Cass. 

12  20,8  [8] 

IS  0,8 

0  14,0 

— 

10  22,0  [5]  flutt.  much 

12  5,7 

1  17,7 

a  — 

14  6,2  [3]  flutt.  very  much  12  29,2 

1  11,0 
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1727.  Rtr.  »  Rtr.  ,i  Rrr.  11 

JCass.  6  23,5  [8]         -  12  26,8  6  3,8 

fAndr.  9  3,0  [8]         -  12  31,2  8  28,2 

pPers.  18   1,5  [8]          -  12  33,5  0  2,0 

J    —  18  0,3  [8]         -  12  29,3  0  5,0 

t  —  15  8,2  [8]         -  13  22,8  1  19,9 

y  —  11  11.2  [4]  flutt.  much  13  33,3  2  22,1 

a  —  16  18,6  [4]  flutt.  much  13  27,2  2  25,4 

I  —  14  0.2  [4]  flutt.  13  21,2  0 13,0 

9thAurig.  16  0,5  [6]         -  12  33,0  3  1,5 

Capella  17  17,2  [6]  flutt.  12  32^  4  19,0 

18Camelop.  14  4,2  [4]  too  dull  15  6,6  1  02,4 

35th    27  5,0  [8]         -  24  32,7  2  6,3 

Oct.  16.  y  Ure.  Maj.  16  29,9  [6]         -  B.&A.  15  5,6  1  24,3 

Dropped   .    19 12,1  [9]  very  bright  16  8,9  3  3,2 

paper.     $    22  19,8  [8]  bright  18  32,3  3  21,5 

%    16  28,8  [8]  very  bright  12  11,1  4  17.7 

17.   •    16  21,4  [8]  very  bright  13  16,6  3  4,8 

$    18  27,8  [8]         -  15  5,4  3  22,4 

r    19  33,5  [8]         -  15  14,5  4  19,0 

0  Drac.  11   2.9  |  from  the  cross  15  29,9  4  26,5 

20.    «  Urn.  Maj.  15  7,9  *  out      -  A.  12  8,0  3  6,0 

?    15  26,4  [4]  clouds  B.  &  A.  12   4,1  8  22,3 

q    16  8,5:: clouds B.11  21,6  A.ll  22,7  4  19,8 

In  this  observation  there  was  a  difference  of  about  a  second  in  the  rectify- 
ing the  instrument  before  and  after  the  observation,  which  I  imagine  was 
occasioned  by  a  small  hair,  or  somewhat  that  stuck  to  the  wire  at  the  brass 
edge,  which  I  saw,  but  did  not  wipe  it  off  till  I  took  up  the  plummet,  in 
order  to  lie  down  on  the  couch ;  so  that  I  judge  the  rectification  after  the 
observation  was  the  truest. 

y  Drac.  entering  7  24,7 ;  at  cross  7  27,7  [10] ;  going  out  7  25,1 ; 
B.  &  A.  5  20,5.    Hence  star  2  7,2. 

This  I  take  to  be  a  very  good  and  exact  observation. 

If  we  make  use  of  the  two  numbers  at  coming  in  and  going  out,  they  will 
make  the  star  about  £  a  second  more  south  than  the  middle  observation,  or 
2  7,7  south  of  the  mark. 

Rtr.  „  Rev.  »  Rcr.  » 

xCrgni        4  26,9  [8]  B.&A.  3  31,7  029,2 

8   —  6  9,3  [8]         -  2  29,4  3 13,9 

*  —  3  12,9  [8]  3  10,1  ent.  4  11,3  0  32,4 

P  f  2 


Digitized  by  Google 


220  ZENITH  OBSERVATIONS  AT  WANSTED. 


1727. 

Rev.  « 

Rer.  u 

Rer.  H 

1,4  ap. 

2o  Cygni 

8   4,7  flutt.  much 

3  22,2 

4  16,5 

{,  Leph. 

1  4  OA  ,*  il     -f  „,„„L 

13  .-AKi  flutt.  much 

12  3.5,0 

1  5:1, * 

incn  ap. 

p  Cass. 

ia  /JO  fif  r/?l  43.,.* 

10  £3,5  [uj  flutt. 

19  9,1  [4]  flutt.  error 

12  8,8 

i  in  o 

1  19,3 

a  — 

13  0,5 

| 

6  8,6 

«  — 

8  8,4  [7] 

14  12,0 

6  3,6 

£  And. 

10  0,7 

13  32,3 

3  31,6 

9  Pen. 

14  11,0  \  in,  &  14  11,3  4  out 

1411,1 

0  0,8  south 

i  — 

13  3,8  [6]  flutt.  - 

12  33,4 

0  4,4 

T   

14  1,4  [6] 

12  15,8 

1  19,6 

7  — 

9  5,6  [8]  flutt  much 

11  29,6 

2  24,0 

a  — 

1417,8  [6]  flutt. 

11  28,1 

2  23,7 

1  — 

11  31,8  flutt.  much 

11  20,1 

011,7 

Capclla 

16  12,5  [6]  flutt.  much 

11  27,9 

4  18,6 

18th  Camel.  10  19,9  too  dull       B.&  A.  11  24,3 

1  4,4 

Sinchap.  35   

10  13,7  [8] 

8  7,3 

2  6,4 

46  Aurig. 

9  17,1  [3]  flutt.  much 

8  29,6 

0  21,5 

Oct  21. 

y  Drac. 

12  3,0  [3]  very  dull,  hazy 

9  28,6 

2  8,4 

*  Cygni 

10  26,4  [6]  faint  - 

9  30,9 

0  29,5 

5  — 

12  32,2  [6]  hazy  - 

9  17,2 

3  15,0 

*  - 

9  5,8  [8]  twilight 

10  4,3 

0  32,5 

2o  — 

14  6,5  [6]  illuminated 

9  26,0 

414,5 

22. 

/3  Urs.  Maj.  29  11,3  [6J  faint  - 

11  1,8 

11  24,5 

7 

13  3,5  very  faint 

11  11,0 

1  26,5 

14  8,3  i  out 

11  3,5 

3  5,3 

23. 

]  x  Cygni 

12  24,0  [8J  steady  B.&A. 

11  18,2 

1   5,8  inch  ap. 

Inch  ap. 

?  Ccph. 

12  19.6  [8]  steady 

10  32,5 

1  21,1 

7th  Andr. 

7  16,8  [3]  faint  - 

11  23,5 

4  o,7 

t  Cass. 

11   9,7  [6] 

1126,1 

f\     1  l"  1 

U  lo,4 

w  — 

9  1.9 

11  17,4 

2  15,5 

0  - 

10  28,5  flutt.  exceedingly 

foiriy  wcmlher. 

12  9,8 

1  20,3 

a  — 

15  21,6  flutt.  much 

14  13,6 

1  8,0 

26. 

?Ur».  Maj.  13  19,5  [6] 

9  28,2 

3  25,3 

14  6,1  [3]  cloudy 

919,4 

4  20,7 

2  inch  ap.  1  f  Cygni 

8  8,4  [3]  cloudy 

8  9,8 

0   1,4  north 

8  — 

23  13,3  [8] 

19  19,8 

3  27,5 

\r  — 

20  17,7  [7] 

19  11,5 

1  6,2 

ft  Ccphei 

9  29,4  [3]  cloudy 

13  4,9 

3  9,5 

?   

1 4  24,9  [8]  very  windy  night  1 3  3,0 

1  21,9 

2  inch  ap. 

/3Cass. 

8  10,2  [8]  steady 

9  31,2 

1  21,0 

a  — 

12  15,7  [8]  i  in,  st,  clouds  11  10,5 

1  5.5 

Digitized  by  Google 


ZENITH  OBSERVATIONS  AT  WANSTED.  221 


1727.  Oct.  27. 

Rev.  // 

Rev*  tt 

Rev.  // 

Mane. 

27th  Lvncis 

>J    1  VjCl    iJU I  111 

1 .4  an. 

85th   

7  24  8  rfTI  cloud  v 

11  8,2 

3  17  4  north 

i  Urs.  Maj. 

r      0  T81 

10  20,3 

2  21  3  north 

**>*jV  IIUI  111 

7  6,4  [8] 

10  30,4 

3  24,0  north 

»   

7  16,8  [81  ent.  7  12,7 

7  32,4 

0  15,6  north 

7  32,5  [8] 

8  25,5 

0  27,0  north 

No  ap. 

36th  

12  12,5  [8]  faint  - 

911,6 

3  0,9  south 

0   

29  19,1  [8]  very  good 

11  7,6 

11  22,5 

12  2,9  [8] 

11  6,2 

0  30,7 

12  38,5  [8] 

11  6,0 

1  27,5 

•   

14  21,5  [7] 

11  14,0 

8  7,5 

15  6,2  [8] 

11  14,1 

8  26,1 

15   1,7  [9] 

10  18,7 

I  went  to  Oxford. 

Nov.  12. 

>.  Cass. 

16  12,1  [8]  steady   B.  &  A.  12  23,2 

3  22,9 

1,4  ap. 

a  — 

14   6,3  [8]  steady 

13  2,8 

1  4,0 

a  — 

7  3,1  [8]  flutt.  - 

18  12,5 

6  9,4 

£  Amir. 

10  4,1  [8] 

14  3,7 

3  83,6 

f  Pers. 

13  51,1  [8] 

14  0,3 

0  8,2  north 

13. 

t  Urs.  Maj. 

17  1,0110] 

13  20,2 

3  14,8 

18   1,2  [8] 

14  3,9 

8  31,3 

N.  B.  I  this  day  perceived  that  this  is  a  double  star;  that  which  I  observe 
having  a  smaller  contiguous  to  it,  being  about  8"  or  10"  from  it,  north  of  it, 
but  rather  following.  The  smallest  must,  I  suppose,  be  of  the  4th  or  5th 
magnitude,  otherwise  I  should  not  have  seen  it,  it  being  near  £  after  nine 
when  they  passed. 


,  Urs.  M. 

17  20,8  [8] 

12  28,8 

4  26,5 

15  9,9  [7] 

11  80,9 

3  13,0 

?   

16  4,8  [8] 

12  6,8 

3  32,0 

17  15,8  [8] 

12  22,3 

4  27,5 

/3  Drac. 

8  18,4  [8] 

13  3,0 

4  18,6 

y  — 

15  17,5  [8] 

13  4,0 

2  13,5 

SCeph. 

16  20,1  [8]  steady 

15  2,3 

1  17,8 

3  Lacert. 

17  7,0  [8] 

16  0,8 

1  6,2 

r  Cass. 

9  14,7  [8] 

10  1,0 

0  20,3 

0  - 

9  8,0  [8] 

10  31,8 

1  23,8 

X  — 

15  5,3  [8] 

11  17,7 

3  21,6 

a  — 

12  15,8  [8] 

11  12,3 

1  8,5 

2</  — 

6  18,1  [8] 

B.&A.  5  2,2 

1  10,9 

222  ZENITH  OBSERVATIONS  AT  WANSTED. 


1727. 

Rev.  M 

Ker.  tt 

Rev.  tt 

6  Cass. 

28  13,6  [7]  extreme 

4  23,1 

6  9,6 

ft,        M  1 

£  Andr. 

5  25,4  [8] 

9  26,9 

4  1,5 

t  Pere. 

1*   7,0  [8] 

A      1  A  OA  O 

A.  10  29,8 

1  1 1  o 

1  11,8 

y  Pers. 

c  c?a  t  i  u  l 

o  oo,7  [oj 

l 1  an  W 

O  O/l  i\ 

a  — 

1*   8,2  [8J 

11  17,7 

rt  1A  p 

*  19,5 

s  — 

i   i  in  1  ral 

12  19,1  [8] 

12  11,7 

0  7,4 

Capella 

lo  23,0  [6]  flutt. 

11  6,7 

4  16,3 

Nov.  lo.    t  Urn.  M. 

i  a  *i  te  o  roi 

12  15,3  [8] 

9  2,3 

S  13,0 

14  18,0  [8] 

10  19,5 

3  32,5 

14  27,5  [8] 

9  33,8 

4  27,7 

16.    9th  Aung. 

12  16,1  [8] 

9  19,1 

2  31,0 

Capclla 

1  O  £>1    W  Till 

13  21,7  [9] 

9  3,8 

4  17,9 

Mailt,  17.  0  Urn.  Maj. 

0  8,4  [8] 

11  25,9 

11  17,5 

■ 

♦  

12  15,8  [8] 

11    1  O  O 
11  ]..'.■> 

1  2,5 

y  ~ 

i a    kg  nun 
lo   5,o  [10J 

1  O  AC 

lo  %b 

2  0,7 

15   8,1  [9J 

11  27,4 

O  1  J  W 

3  14,7 

?   

lo   9,0  p]  faint 

12  10,3 

3  32,7 

i  4  u—  j  roi 
14  27,4  [8J 

Ii  OO  1 

9  93,1 

4  28,3 

p  Urac. 

/■lui)  roi    i  *  ii  ■ 

u  18,2  [dj  faint 

11       O  t\ 

11  2,0 

4  17,8 

y  — 

10    o  o  roi 

13  3,8  [8] 

1/1  OO  o 

10  23,3 

2  14,o 

22.    t  Cass. 

12  29,4  [8] 

13  15,9 

0  20,5 

Inch  ap.    (3  — 

10  21,7  [9] 

in  in  m 

12  13,7 

1    rv/*  r\ 

1  26,0 

A.  — 

if*    i  •¥  roi 

16   1,7  [8J 

12  14,4 

o  m  o 

8  21,3 

a  — 

14  13,0  [8  J 

la  in  r 
13  10,5 

1     a  r 

1  2,5 

f  Andr. 

o  o*f  o  r/n 

8  27,3  [6] 

12  27,2 

A      n  n 

4  0,0 

f  Pers. 

12  29,  *  [8] 

13  0,0 

0  4,3 

9  — 

1  o  OQ  A  f  Ql 

lx  5wy4  [oj 

i  o  m  i 

n    i  fr 
0  1,7 

T   

14  %o  [J\  nutt.  much 

12  2n,3 

1     1  /\  A 

1  10,0 

7  — 

9    i,o  [oj  nutt.  much 

12  6,3 

x  33,0 

a  — 

14  20,8  [3]  nutt.  much 

12  8,8 

2  18,0 

■ 

o  — 

10  7,5  : :  flutt.  exceedir 

1      1/1  Or 

gly  10  3,5 

0  4,0 

ytn  Aung. 

ii  iiq  rfti 

11   1  1  ,•>  [UJ 

D  1  £  1 
O  10,0 

o  on  A 
2  29,0 

Capella 

16  14,0  [6 J  flutt.  - 

11  0,5 

413,5 

18  Camel. 

10  5,7  [3]  too  faint 

11  15,0 

1  9,3 

2inchap.  35   

12  32,1  [6] 

10  30,3 

2  1,8 

46  Aurig. 

11  10,6  [6] 

10  26,2 

0  18,4 

13  Lvncis 

8  31,8  going  out 

10  29,6 

1  28,0 

.  Urs"  Iff. 

6  1,0  [7] 

8  20,3 

2  19,3 

5  11,0  [9] 

8  33,2 

3  22,2 

Inch  ap.    9  — — 

9  26,5  [8] 

10  4,5 

0  12,0 
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1727.  Ret.    11  Rr».    //  Ret.  ii 

29  29,8  [3]  flutt.  much       11  12,0  11  16,2 

12  26,2  [4]  flutt.  much        11  21,5  1  4,7 

9  31,2  : :  very  faint,  hazy     7  12,7  2  18,5 

2  26,1  [6]  very  plain    A.   7  3^J  4  11,2 

9  28,3  [10]  B.  7  7,4  A.  7  8,2  2  20,5 

very  dear,  and  the  stare  appeared  very  distinct  and 
bright,  and  moved  steady ;  y  Drac.  was  so  bright  as  plainly  to  be  seen  seve- 
ral times  (at  once)  on  both  sides  of  the  wire.  The  wind  blowed  pretty 
briskly  from  the  north-east,  and  we  had  constant  moist  and  rainy  weather 
for  a  week  or  ten  days  before  tliis  day;  so  that  I  imagine  that  the  difference 
of  the  adjusting  the  mark  before  and  after  was  owing  to  the  alteration  in 
the  chimneys;  for  about  15'  before  the  observation,  index  stood  at  7  6,7; 
and  a  quarter  of  an  hour  after  the  observation,  at  near  9  0,0;  so  that  in 
SO7  it  varied  near  1'  1",J. 

N.  B.  I  had  dropped  down  paper  both  before  and  after  the  observation, 
so  that  this  could  not  be  owing  to  cobwebs,  as  is  evident  likewise  from  the 
gradual  alteration,  it  continually  increasing  all  the  time  I  observed  it. 

Inch  ap. 


Re».  '/ 

Rev.  a 

Rer.  « 

5  Ceph. 

11   7,7  [6] 

A.  9  20,7 

1  21.0 

t  Cas*. 

10  14,8  [8]         -  D.&A.  11  2,8 

0  22,0 

n  - 

10  27,2  [6]  flutt.  - 

12  18,8 

1  25,6 

A  — 

16  19.2  [6] 

B.  12  32.8 

3  20.4 

■  — 

18  17,0 

B.  17  14.8 

1  2.2 

T   

20  31,3  [6] 

A.  18  16,9 

2  14,4 

4  — 

9  6,5  [5]  flutt.  - 

15  18,5 

6  12,0 

£  Andr. 

10  31^2  [8] 

15  1,4 

4  4,2 

f  Pen. 

14  28,6  [5]  flutt.  - 

14  30,9 

0  7,3 

Capclla 

18  29,8  [7]  steady 

14  16,9 

4  12,9 

0  Ure.  If, 

29  21,0  [3]  flutt.  much 

11  2,3 

11  15,3 

*   

10  20,7  [5]  flutt.  much 

915,9 

1  4.8 

y   

12  15,7  [61  flutt.  - 

10  11,2 

2  4,5 

16  11,5  :::  flutt.  exceedingly  12  21,5 

3  24.0 

6  Mane, 


I  scarce  ever  saw  any  star  flutter  so  much  as  this  did.  I  looked  out,  but 
could  not  perceive  any  thing  more  than  ordinary  in  the  air;  but  it  soon 
after  grew  very  foggy. 

?  Ur».  M.     16  22,5  [8]  steady,  twilight  12  16,5        4  6,0 

Inch  ap.    n    16  12,1  :  t  flutt.  very  much  11  12.3        4  33,8 

6.   /9  Drac.         6  0,5  [4]  faint  -  10  11,0        4 10,5 
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1727.  Rcr.   „  Rer.  *  Re».  „ 

rDrac.  12  21,0  [8]  B.  10  0,4  [S]  A.  10  1,0  [3]  2  20,3 

7th  Amir.  6  6,3  [8]         -  10 13,0  4  6,7 

rCass.  10  5,1  [8]         -  10  26,3  0  21,2 

0  -  9  23,5  [8]         -  1116,3  126,8 

Dec.  9.     Capclla  15  14,4  [8]  steady  11   0,6  4  13,8 

December  12.  I  found  that  the  wall  at  top  was  fallen  so  much  back 
from  the  instrument,  that  'twas  necessary  to  bring  the  top  work  of  the 
telescope,  &e.  farther  from  the  wall,  which  I  did  by  turning  the  screw  that 
moves  it  east  and  west  just  one  revolution,  which  was  more  than  sufficient 
to  make  the  plummet  hang  at  a  proper  distance  from  the  graduated  edge. 


12. 

5  Ccph. 

13  20,0  [10] 

11  33,0 

1  21,0 

3  Lacert. 

13  33,5  [10] 

12  25,8 

1  7,7 

r  Cass. 

13  14,0  [8] 

14  1,8 

0  21,8 

Inch  ap. 

0  - 

9  23,9  [10]  steady 

11  16,2 

1  26,3 

K  — 

14  16,4  [8] 

10  30,1 

3  20,3 

x  — 

10  6,7  [9] 

9  6,0 

1  0,7 

»  — 

11   3,6  [8]         .  A. 

8  22,6 

2  15,0 

2U  — 

8  15,5  [8] 

7  8,8 

1  6,7 

»  — 

2  14,6  [8] 

8  27,8 

6  13,2 

£  Androm. 

2  29,9  18] 

6  30,9 

4  1,0 

f  Per*. 

6  20,0  [7] 

6  27,0 

0  7,0 

6  — 

8  14,5  [8] 

8  18,0 

0  3,5 

T  — 

10  31,6  [8] 

9  23,6 

1  8,0 

r 

8  0,8  [8] 

11  1,1 

3  0,3 

a  — 

12  33,3  [10]  steady 

10  18,3 

215,0 

s  — 

10  22,3  [8] 

10  19,0 

0  3,3 

Capella 

14  29,2  [8]  steady,  pretty 

10  15,4 

413,8 

2  inch  ap. 

35th  Camel.  12  32,2  [9] 

10  33,0 

1  33,2 

46  Aurig. 

11  24,4  [7] 

11  8,2 

0  16,2 

13  Mane, 

jSUrs.Maj.  0  19,2  [8] 

12  2,2 

11  17,0 

*   

10  27,1  [8] 

918,7 

1  8,4 

7  

11  23,9  [8] 

919,9 

2  4,0 

12  32,3  [8] 

911,8 

3  20,5 

5  — 

15  14,8  [8] 

11  9,8 

4  6,0 

17  30,8  [8] 

12  27,8 

5  3,0 

0  Draconis 

8  3,7  [7] 

12  10,9 

4  7,2 

0  Cass. 

9  29,1  [8] 

11  21,8 

1  26,7 

K  — 

14  29,0  [8] 

11  8,8 

3  20,2 

»  — 

12  1,5  [6]  flutt.  - 

11  1,3 

1  0,2 
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As  I  went  to  set  the  telescope  to  observe  *  Cass,  I  some  how  or  other 
touched  the  plummet  and  broke  the  wire:  it  broke  this  time  just  at  the 
notch  at  the  top.  I  did  not  fix  on  another  till  after  ten  of  the  clock,  just 
soon  enough  to  observe  Capella,  as  follows : 


Rer.  m 

Rev.  u 

Rev.  » 

1727. 

Capella 

15  31,1  [7]  flutt.  - 

11  19,6 

4  11,5 

2  inch  ap. 

18th  Camel. 

9   8,0  : : : 

10  21,0 

1  13.0 

35th   

12  5.8  [8]  faint  ■ 

10  7,8 

1  82.0 

46th  Aung.  10  13,6  [6]  flutt.  - 

9  32,4 

0  15.2 

Dec.  14. 

0  Urs.  Maj. 

0  22,7  [4]  flutt.  - 

12  4,5 

11  15,8 

Mane. 

*   

11  13.6  [7] 

10  6,9 

1  6,7 

t  

12  20,9  [7]  flutt.  - 

10  15,9 

2  5,0 

18  30.1  [3]  flutt.  - 

10  7,8 

3  22.3 

?  — 

15  5,2  [6]  flutt.  - 

10  32,7 

4  6.5 

1   

14  29,9  [6]  flutt.  - 

9  27,4 

5  2.5 

/3  Cass. 

7  19.6  \  out 

9  12,8 

1  26.2 

\  — 

12  33,9  [8] 

913,5 

3  20,4 

a  — 

11   5,0  [6] 

10  4.2 

1  0.2 

■  — 

11  32.4  [5]  flutt.  - 

9  16,9 

2  15,5 

15. 

y  Drac. 

12  31.1  [6]  faint  - 

10  7,3 

2  23,8 

Cold  snowy  weather.  By  these  observations,  'tis  evident  that  there  is  no 
sensible  difference  in  rectifying  the  instrument  with  the  present  wire  and 
the  former  that  was  broke;  for  the  observations  made  on  the  13th  and  14th 
days  differ  some  one  way  and  some  another,  whereas  did  that  arise  from 


the  plumbline,  the  difference  ought  to  have  been  all  the  same  way. 


21. 

t  Cass. 

12  1.9  [5] 

18  23,3 

0  21,4 

0  - 

11   5,4  [8]  steady 

12  31,6 

1  26,2 

A.  — 

16  26,2  [7] 

13  4,8 

3  21,4 

a  — 

13  3,4  [4]  flutt.  - 

B.  18  2,4 

1  13 

w  — 

14  20,3  [8] 

A.  12  5,6 

2  14,7 

t  — 

5  15,6  [6]  flutt.  • 

1187,9 

6  18,3 

£  Androro. 

7  27.6  [6] 

11  89,6 

4  2,0 

f  Per*. 

11  22,0  [8] 

B.  11  30,0 

0  8,0 

T   

14  11,0  [ft] 

A. 13  83 

1  7,4 

r  — 

10  6,0  [4]  flutt.  much 

IS  7,5 

3  13 

a  — 

15  8,0  (4]  flutt.  much 

12  24.0 

a  is,o 

Capella 

19  24,4  [8]  steady 

15  12,0 

4  18,4 

18th  Camel.  14   8,9  [8] 

15  25,2 

1  16,8 

2  inch  ap, 

.  35th  

17  21,5  [81 

15  24,4 

1  31,1 

27. 

y  Drac. 

18  163  [8]  faint  - 

15  21^ 

2  293 
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1727. 

Rev.  ii 

Rer.  /, 

Rer.  // 

lkv.  28. 

0  Drac. 

11  26,6  [8] 

15  29,3 

4  2,7 

r  — 

17  30,5  [8]  bright 

15  2,3 

2  28,2 

29. 

$  Ure.  Maj. 

0  28,0  [8]  steady 

12  7,8 

11  13,8 

Mam\ 

*   

11  10,6  [8] 

10  2,1 

1  8,5 

x   

12  21,3  [8] 

9  27,8 

2  27,5 

7 

U   7.4  [9] 

9  0,4 

2  7,0 

SUM  moral 

3  Can.  Venat.  6  7,5  [9]  windy  weather     8  1,5 

1  28,0 

•  Urs.  Maj.  11   9,8  [9] 

717,8 

3  26,0 

21  st  Can.  Ven.  9  13,7  [8] 

6  24,9 

2  22,8 

5  Ure.  M. 

15  26.4  [9] 

11  15,0 

411,4 

16  26.7  [9] 

11  19,5 

5  7,2 

29. 

0Drac. 

7  32,5  [7] 

12  0,8 

4  2,3 

y  — 

15  3,2  [8] 

12  8,5 

2  28,7 

No  ap. 

0  Cassiop. 

10  16,3  [9]  steady,  twilight  12  7,3 

1  25,0 

K   

15  15,8  [71  B.  11  27,6  A.  11  28,4 

3  21,8 

13  6,2  [8] 

B.  12  5,2 

1  1,0 

*   

14  5,2  [8] 

A.  11  23,5 

2  15,7 

2u-  

11  13,3  [8] 

10  6,3 

1  7,0 

1   

3  17,5  [9] 

9  30,5 

6  13,0 

£  Andr. 

4  32,1  [8] 

8  32,9 

4  0,8 

p  Pers. 

10  82,8  [9] 

11  6,1 

0  7,3 

1  - 

10  25,6  [8] 

10  31,2 

0  5,6 

T   

12  7,0  [8] 

11  0,9 

1  6,1 

7  ~ 

7  15,9  [10] 

10  18,7 

3  2,8 

a  — 

12  18,9  [10] 

10  6,6 

2  12,3 

8  — 

9  21,1  [9] 

9  20,1 

0  1,0 

The  wind  Mowed  pretty  strong  from  the  north-west,  and  the  stars  moved 
very  steady  all  this  night,  so  that  I  judge  these  observations  good,  they 
having  been  made  with  all  the  care  I  could  take. 

1728. 


/3  Cass. 

8  4,0  [8] 

9  28,0 

1  24,0 

13  21.3  [9] 

9  33,0 

3  22,3 

11   3,4  [7]  flutt.  - 

B.  10  1,4 

1  2,0 

13  31,5  [8] 

A.  11  15,8 

2  15,7 

2*  — 

12  1,7  [8] 

10  28,0 

1  7,7 

4  11,4  [8] 

10  23,9 

612,5 

f  Andr. 

6  17,1  [8] 

10  20,1 

4  3,0 

?Pers. 

10  0,0  [8] 

10  8,0 

0  8,0 

9  26,4  [8] 

9  31,7 

0  5,3 

T   

10  28,0  18]  flutt.  - 

9  20,4 

1  7,6 
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Re».  w 

Rer.  « 

Rer.  ,i 

1728. 

y  Pers. 

6  24,5  [8]  flut 

t.  -              9  28,5 

3  4,0 

Jan.  6. 

.Urs.  M. 

6  8,5  [9] 

8  30,5 

2  22,0 

or  7. 

5  15,8  [9] 

9  5,8 

3  24,5 

Mane. 

8  83,4  [8] 

912,7 

0  13,3 

0   

0  0,4  [9] 

11  14,4 

11  14,0 

4,   

11  26,1  [8] 

10  17,5 

1  8,6 

X 

12  27,5  [8 J 

9  38,4 

2  28,1 

7  

18  1,2  [9] 

10  28,5 

2  6,7 

3  Can.  Ven. 

8  15,6  l«] 

10  9,6 

1  28,0 

•  Urs.  Maj. 

14  11,6  [10] 

10  19,6 

3  26,0 

Then  it  grew  cloudy.  The  wind  blowed  briskly  from  the  west,  and  the 
stars  moved  all  very  steady,  so  that  I  take  this  night's  observations  to  be 
very  exact. 


12.  Capclla 

11  82,2  [8]  steady 

7  22,9 

4  9,3 

18th  Camel. 

5  18,5  [8]  cloudy 

7  4,5 

1  20,0 

8  Aurig. 

6  27,5  [8] 

6  25,5 

0  2,0 

35th  Camel.  8  2,9  [6] 

46  Aurig. 

6  25,0  [4]  flutt.  - 

612,8 

0  12,2 

13  Lyncis 

5  4,6  [6] 

7  9,6 

2  5,0 

16.    |3  Draconis 

2  27,9  [11] 

6  23,7 

3  29,8 

9  5,7  [10] 

6  4,2 

3  1,6 

/3  Cass. 

5   1,8  [8]  faint  - 

6  23,2 

1  21,4 

a  — 

11  16,0  [8] 

10  12,0 

1  4,0 

»  — 

3  24,2  [7]  hazy  - 

10  0,4 

610,2 

Z  Andr. 

4  17,8  [8] 

8  19,3 

4  01,5 

f  Per*. 

9  28,9  [8] 

10  1,2 

0  6,3 

8  — 

10  0,3  [8] 

10  5,3 

0  5,0 

T   

10  29,5  [8] 

9  23,3 

1  6,2 

y  — 

6  13,8  [8] 

917,3 

3  3,5 

a  — 

11    1,0  [8] 

8  23,0 

2  12,0 

8  — 

8  9,5  [8] 

8  9,0 

0  0,5 

9th  Aurig. 

11  16,3  [8] 

8  30,3 

2  20,0 

Capclla 

12  7,0  [8]  steady 

7  82,7 

4  8,3 

18  Camel. 

6  14,1  [3]  :  too  faint 

8  1,1 

1  21,0 

8  Aurig. 

6  6,5  [8] 

6  5,0 

0  1,5 

35  Camel. 

7  21,8  [8] 

5  29,3 

1  26,5 

46  Aurig. 

5  29,5  [8] 

5  18,2 

0  11,3 

13  Lyncis 

3  23,3  [6]  flutt.  - 

5  29,3 

2  6,0 

i  Urs.  Maj. 

2  29,4  [7] 

5  18,1 

2  22,7 

G  g  2 
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1728.    fUrs.  Maj.   2  9,6  [8] 

9    5  0,5  16]  flutt. 


0  33,2  [6]  flutt.  - 
13  2,5  [6]  flutt.  - 
13  25,8  [6]  flutt.  - 
13  27,0  [7]  flutt.  then  clouds  11  19,0 


Re*.  // 

Rer.  ii 

6  2,8 

3  26,7 

5  16,2 

0  15,7 

12  14,2 

11  15,0 

11  29,5 

1  7,0 

10  33,3 

2  26,5 

11  19,0 

2  8,0 

10  11,8 

1  21,0 

10  12,3 

1  4,1 

11  12,5 

4  3,3 

10  2,3 

0  7,2 

9  33,7 

0  7,3 

918,7 

1  5,2 

9  4,0 

S  4,7 

8  26,0 

8  29,0 

8  14,3 

3  2,5 

.  8  10,5 

0  6,2 

5  30,2 

2  27,1 

6  2,2 

3  29,7 

613,3 

4  11,5 

6  6,3 

5  8,0 

Jan.  20.    /3Cass.         8  24,8  [6] 

«  —  11  16,4  [8] 
£  Andr.        7  9,2  ::  too  faint 
*  Pe«.         9  29,1  [8] 
«  —  9  26,4  [8] 

r  —  10  23,9  [3]  flutt.  much 
y  —  5  33,3  [6]  flutt.  - 

23.  fl  Drac-         4  81,0  [6]  hazy  - 
y  —  11  16,8  : :  very  hazy 

8  16,7  [8]  : 
3  3,1  [6]  flutt.  - 

f    2  6,5  [6] 

?    10  22,5  [3]  going  out 

,    11  14,3  [6]  flutt.  much 

The  stars  fluttered  very  much  all  this  night,  and  when  I  first  began  to 
observe,  they  appeared  in  a  manner  different  from  what  I  had  ever  took 
notice  of  before;  for  as  they  passed  through  the  glass  they  seemed  very 
confused  and  faint,  as  if  it  had  been  hazy,  or  the  object-glass  had  been  foul ; 
only  at  intervals  they  would  just  flash  out  with  their  usual  lustre,  but  for 
the  general  they  were  so  dull  and  faint  that  I  could  not  observe  stars  of  the 
6th  or  5th  magnitude  with  any  certainty.  At  the  same  time  the  sky  seemed 
very  clear  to  the  naked  eye,  but  I  observed  that  the  stars  did  not  twinkle  as 
usual  in  a  clear  air,  but  rather  as  they  look  in  hazy  weather.  The  air  was 
pretty  cool,  and  in  the  morning  there  was  a  pretty  hard  black  frost. 

24.  yDrac.  11  5,7  [8]  .  A.  8  2,8  3  2,9 
9th  Aurig.  10  27,0  [6]  -  8  8,0  2 19,0 
Capella  11  23,7  [8]  -  716,5  4  7,2 
18th  Camel.  5  27,3  (6]  -  715,3  122,0 

Memorand.  This  observation  was  made  with  the  inch  aperture,  but  this 
star  appears  too  faint;  so  that  'twill  be  better  for  the  future  to  use  a  larger 
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Rer.  // 

Rev.  " 

1728. 

8  Aurig.        7  27,5  [6]  flutt.  - 

7  27  5 

0  0,0 

Inch  ap. 

35lh  Camel.  9  19,6  1 01  faint  • 

7  29.6 

1  24,0 

1,4  ap. 

46th  Aurig.   7  29,4  [8] 

7  19,7 

0  9,7 

18th  Lvncis  5  31.5  f  81 

8  4,3 

2  6,8 

t  Urs.  Mai.  11  32.3  [81 

8  7-3 

3  25  0 

21  Can  Ven  10  20  7  f  81 

2  23  £ 

C  Urs  Mai.  11  29.0  181 

7  17,8 

4  11,2 

„                12 17,1  191 

7  88 

5  8  3 

Jan.  25. 

0  Drac.        2  13,4  [8] 

6  8,4 

3  29,0 

v                 8  0  8  191 

4  32  8 

3  2,0 

•  Urs.  Maj.   8  21,0  [9] 

4  30,5 

3  24,5 

r                  8  9  6  T81 

3  31  8 

*J  Ua  »w 

4  118 

ij               11  24,8  [8] 

6  14,8 

5  10,0 

26. 

9th  Auriga    9  32,4  [8] 

7  12.9 

2  19,5 

Canclla       10  23.9  T71 

6  16,9 

4  7  0 

a  Urs.  Mai    10  33.7  T31  fltitt.  much 

5  24  7 

5  9  0 

on 

Canclla        10  29  4  T81 

6  21  8 

18th  Camel    4  32.2  T81 

6  18  9 

1  20  7 

8  Aurig.        9  5,5  [6] 

9  6,0 

0  0,5 

Proatv 

35th  CamcL  11  11  5  T81 

9  20  8 

1  24  7 

weather. 

46th  Aurig.   9  15,5  [8] 

9  5,5 

0  10,0 

13th  Lyncis  6  18,4  [8] 

8  25,9 

2  7,5 

.Urs.  Maj.    6  1,2  [8] 

8  26,2 

2  25,0 

I                   5  15,4  [8] 

9  9,2 

8  27,8 

t                  8  29,7  [6]  flutt  - 

9  13,5 

0  17,8 

0                 0  10,4  [6]  flutt.  - 

11  27,8 

11  17,4 

4>                 12  6,8  [6]  flutt.  - 

11  0,8 

1  6,5 

x                13  21,7  [6]  flutt.  - 

10  29,0 

2  26,7 

y                13  16,5  [6]  flutt.  much 

11  11,5 

2  5,0 

The  stars  fluttered  much  all  this  night. 

Feb.  2. 

0  Cass.       11  07,8  [8] 

A.  12  27,8 

1  19*5 

Frrwty  wea- 

a  —         14  4,8  [8] 

12  32^ 

1  6,5 

Z^ri  pretty  «  Per*.             7    8,2  [6] 

7  7,7 

0  4,5 

t  —           7  25,2  [9] 

618,2 

1  7,0 

y  —            3  18,8  [8] 

6  21,8 

3  3,0 

a  —            8  19,8  [8] 

6  8,5 

2  11,3 

8   —           5  7,5  [8] 

5  8,0 

0  0,5 

9th  Aurig.    6  31,7  [8] 

412,7 

2  19,0 

Capella         9  27,8  [8] 

5  21,4 

4  6,4 

Sim-hap.  18th  Camel.  3  15,0  [9] 

5  8,0 

1  22,0 
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Krr.    „  Rrr.    *  Rer.  « 

1788.    *  Aurig.       6  17,8  [6]  flutt.  -  619,5  0  1,7 

35th  Cam.     8  4,0  [8]         -  6 18,7  1  85,3 

Feb.  3.   fi  CW         4  88,1  [8]         -  6 15,7  1  17,6 

■  —          9  84,6  [8]         -  8 16,1  1  8,5 

I  saw  6  Cass,  but  it  appeared  too  faint  to  be  observed. 

I  Pm.          4  23,4  [8]  faint  -  4  87,1  0  8,7 

r  —           9  88,3  [6]          -  8  80,3  1  8,0 

y  —           5  28,0  [8]         -  8  30,3  3  8,3 

a  —  11  11,7  [10]  9  0,0  811,7 

8   —           8 12,7  [8]          -  818,7  0  0,0 

9th  Aurig.  11  19,6  [8]         -  9  1,1  8 18,5 

Capella  13 13,0  [8]          -  9  6,3  4  6,7 

18th  Camel.  7  28,2  [8]         -  910,2  188,0 

8  Aurig.  9  83,8  [8]          -  9  84,2  0  1,0 

35  Cam.  11  86,1  [8]          -  10  1,4  1  84,7 

46  Aurig.  10  83.5  [8]          -  10  14,7  0  8,8 

4.  •Pew.  10  84,7 ::  too  faint  10  27,7  0  3,0 
r  —  11  20,0  [8]  faint  -  10  14,8  1  5,8 
y  _  7  7,7  [8]         -  10  10,7  3  3,0 

These  stars  fluttered  and  appeared  in  the  same  manner  as  on  January  88. 

a  —  18  15,7  [4]  flutt.  -  10  4,5  811,8 

8   —  9 11,5  [6]         -  918,1  0  0,6 

9th  Aurig.  10 15,6  [8]         -  7  38,2  8  17,4 

Capella  11  25,6  [3]  flutt.  much  : :       7  19,6  4  6,0 

18  Camel.  5  80,0  [6J         -  7  9,3  1  83,3 

8  Aurig.  7  8,7 ::  flutt.  muc  h  710,7  0  8,0 

35  Cam.  8 18,0  [8]  6  89,0  1  83,0 

46  Aurig.  7 16,6  [3]  flutt.  -  7  8,6  0  8,0 

5.  0  Cass.  4  7,0  [6]  -  6  84,0  1  17,0 
«  —  10 17,0  [8]  -  9  9,5  1  7,5 
I  Per*.  8  86,8  [3]  too  faint  8  80,0  0  3,8 
t  —  10  7,5  [6]  -  8  33,1  1  8.4 
y  —  5   11,8  18]         .  813,5  3  1,7 

■  —  11  13,1  [6]  too  bright  9  0,6  8  18.5 

8    —  8  9,5  [8]         -  8  8,8  0  0,7  south 

9th  Aurig.  11  38,8  [8]         -  913,8  819,0 

Capella  13  38,0  [8]         -  9  85.0  4  7,0 

18  Cam.  7  7,7  [8]         -  8  30,7  1  83,0 

I  Aurig.  8  17,5  [6]  too  bright  8  18,7  0  1,2  north 
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85  Camel. 

9  0,0  [8] 

7  8,2 

1  25,8 

46  Aurig. 

7  2,8  : :  flutt.  much 

6  27,6 

0  9,2 

Feb.  10. 

0  Drac. 

1  26,5  [8] 

A.  5  18,0 

3  25,5 

v  — 
1 

7  25,3  [81 

4  18,3 

8  7,0 

14. 

8  Pers. 

4  30,1  [8] 

4  28,9 

0  1,2 

Capella 

9  30,1  [8] 

5  23,6 

4  6,5 

* 

16. 

0  Drac. 

1  27,5  [8] 

5  16,5 

3  23,0 

i  Herculis 

4  17,4  [71 

6  16,2 

1  32,8 

y  Drac. 

9  6,0  [91 

1      1 .  J 

5  31,5 

3  8,5 

y  Pers. 

2  32,2  [4] 

5  33,2 

3  1,0 

St   

12  31,0  [8] 

10  17,0 

2  14,0 

8  — 

10  16,5  18] 

10  15,5 

0  1,0 

17. 

fi  Ure.  M. 

0  9,0  [8] 

11  32,0 

11  23,0 

4,   

18  12,7  [6]  flutt.  - 

17  8,4 

1  4,3 

x  — 

19  11,0  [4]  flutt.  - 

16  21,5 

2  23,5 

y   

18  21,6  [8]  B.  16  18,0 

A.  16  19,0 

2  2,6 

3  Can.  Ven. 

12  19,8  [9] 

15  18,3 

2  32,5 

i  Ure.  M. 

19  10,3  [6]  flutt.  - 

15  21.5 

3  22,8 

21  Can.  Ven.  18  9,7  [8] 

15  21,1 

2  22,6 

?  Ure.  M. 

19  17,5  [7]  flutt.  - 

15  7,8 

4  9,7 

1   

19  17,8  [8] 

14  9,5 

5  8,3 

18. 

9th  Aurig. 

16  15,1  [8] 

13  31,6 

2  17,5 

Capella 

16  29,2  [8]  flutt.  - 

12  23,6 

4  5,6 

18th  Camel.  11   5,0  [8] 

12  28,0 

1  23,0 

JS  Aurig. 

14  7,5  [8] 

1411,0 

0  3,5 

35th  Camel.  14  23,4  18] 

13  0,2 

1  23,2 

46  Aurig. 

13  10,7  [6] 

13  3,2 

0  7,5 

13  Lyncis 

11  30,0  [8] 

14  7,0 

2  11,0 

21. 

«  Pers. 

13  9,6  [6] 

A.  10  30,4 

2  13,2 

8  — 

11   8,1  [6]  faint  B.  11  7,8  A.  11  6,7 

0  1,4 

9th  Aurig. 

13  20,0  [8] 

11  2,0 

2  18,0 

Capella 

15  0,7  [9] 

10  29,0 

4  5,7 

I  scarce  ever  saw  a  star  move  so  steady  as  this  did  now ;  this  is  the  first 
night  that  it  has  been  observed  without  illuminating  the  threads. 


18th  Camel.    8  22,0  [8] 

10  11,3 

1  23,3 

8  Aurig.       10  13,2  [9] 

10  15,5 

0  2,3 

35  Camel.     12  23,5  [8] 

11  0,3 

1  23,2 

46th  Aurig.  11   3,9  [8] 

10  30,4 

0  7,5 

fi  Ure.  Maj.    0  0,8  [6]  flutt.  - 

11  24,0 

1123,2 

*                 n  25,2  [7]  flutt.  - 

10  28,7 

1  1,5 
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*  r  mm 

.uarcn  I. 

35  Camel. 

12  31,6  [6]  too  faint 

11     *t  o 

11  7,2 

1  24,4 

46  Aurig. 

11  12,8  [4] 

11       BT  G 

11  5,o 

0  7,2 

2. 

Capella 

15  32,9  [9]  steady 

11  25,7 

4  7,2 

Inch  ap. 

8  Aurig. 

11  20,4  [8] 

•  11  22,8 

0  x,4 

35th  Camel.  12  25,7  18]  faint  - 

11      1  O 

11     1 ,  - 

i .  >  i  ~ 

1  X4<,5 

46th  Aurig.  11  24,5  [8]  flutt.  - 

11  1  Q  rt 
11  lo,0 

r\   fl  ft 
0  o,0 

13th  Lyncis 

**   y>*  \py  nun.  - 

11  ion 
ii  iy,o 

9  in  fl 
x  iu,o 

it.,  \»_; 

o  ii  o  roi  A,,.* 
o  11,3  [oj  nutt.  - 

11      ft  Q 

11  y,3 

O  qo  ft 

7   1,8  [8J 

11     o  r. 

1 1  3,o 

4  1,7 

A 

11  lu,U  [oj  Hutt.  much 

19 

IX  7,9 

ft  QK  K 

IE 

9  — — — 

ii  i  i i  rfii  An,, 
it  i»,3  [oj  nutt.  - 

19    fl  ft 

IX  o,o 

n  ofl  r 

0  22,7  [9] 

IX  1*,7 

1 1  Ofl  ft 

11    3y5  |8J  nutt.  - 

10  4,3 

0  33,2 

0. 

Lapella 

8  33,4 

4  1,5 

7. 

p  Drac. 

j      1   O  till 

4  1,8  [0] 

7  25,8 

8  24,0 

IT  1* 

i  Herculis 

w  1 1  w  roi 
7  11,7  [3]  : : 

9  9,9 

1  32,2 

TV 

y  Drac. 

12  21,2  [8] 

9  12,7 

3  8,5 

Lapella 

12  X7,H  [Oj 

8  19,8 

4  8,0 

H. 

in  at  a  f  i  nl 
lx  x4,!d  [1UJ 

8  16,3 

4  7,9 

12. 

a  Cass. 

o  3v,o  [3J  £  out,  taint 

i  13,0 

1  1  (,5 

l  apella 

in  ii  fl  rai 

1U  13,0  [HJ 

o  b,3 

4  7,3 

p  u  re.  al . 

n  "  i  n  rni  flutt  ivM,  i 

u  <c-*,v       nun.  Diucu 

1  O  1  t  il 

12  15,0 

I  1    QK  A 

II  XO,U 

^  _  

19      :(  R  1  '1  1  flutt  rniifk 

ix   o,o  [oj  nun.  uiucu 

11  8,7 

0  29,1 

13. 

f 

J   

O  [OJ 

9  2o,2 

A       4  fl 

4  4,0 

■ 

9   

ft  9*  Q  fol 

in  ip  a 
IU  18,3 

ft  Ofl  K 

V  Xo,o 

a   

0  29  0  Ml  flutt  - 

1  O  CM  41 
IX  X3,3 

I  1  OO  Q 

I I  Xn,.> 

*   

14  24,7  [6]  flutt.  - 

1  41  €1/7  ft 

is  xo,y 

ft  *4l  4i 

15. 

9  17,8  [8]  st.  - 

ii)  inn 

is  iy,y 

i.  Ofl 

■*  x,o 

1 1. 

(3   

0  0,6  [8]  st.  - 

1  1  9Q  7 

1 1  90  1 

1*   

11  15,7  [8]  st.  - 

iu  iy,i 

n  <ui  fl 

x   

13  21,3  [8] 

ii  en 
1 1  o,o 

«4  1«),  < 

12  32,0  [8] 

11      Ct  41 

1 1  3,3 

1  OH  "7 
1  XO,7 

IS 

1  o. 

3  Drac. 

6  24,8  [8] 

10  15,5 

3  24  7 

Mane. 

i  Herculis 

7  31,4  [S]$out  - 

9  30,4 

1  32,3 

y  Drac. 

3  30,9  17]  flutt.  - 

0  28,0 

3  7,9 

Capella 

12  31,8  [9]  st.  - 

8  24,8 

4  7,0 

19. 

13  0,9  [8] 

8  26,1 

4  8,8 

20. 

(3  Drac. 

4  10,7  [8] 

8  2,1 

8  25,4 

Mane. 

i  Herculis 

7  33,3  [6]  flutt.  - 

9  32,0 

182,7 

y  Drac. 

16  21,8  [8] 

B.  13  14,3  [6] 

3  7,5 
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As  I  was  letting  down  the  plummet  to  rectify  the  spot  to  it,  after  the  pas- 
sage as  usual,  the  wire  catched  in  something  and  broke  about  a  yard  from 
the  bottom. 

March  20.    I  put  on  another  wire  this  evening. 

Memorand.  Tis  sufficient  to  pinch  the  wire  with  the  head  of  the  small 
screw  at  top  (after  'tis  in  the  notch  and  drawn  up  with  the  plummet  on) 
without  turning  the  wire  round  the  screw. 

1728.  Rev.    //  Rer.   D  Rtr.  n 

21.    0  Cass.        11  16,8  [6]  ^  very  .uocg  A.  12  24,8  : :     1  8,0 
«   —         16  7,8  [6]  B.  14  24  0::  A.  14  25,0::     1  17,3 

The  wind  blowed  so  strong  that  I  could  not  adjust  the  spot  with  any  cer- 
tainty, by  reason  of  the  motion  of  the  plummet. 


Capella 

19  11,8  [8] 

B.  St  A.  15  3,4 

4  8,4 

.  Urn.  M. 

18  6,9  [8]  at. 

A.  14  28,4 

3  12,5 

21  Can.Ven.14  25,6  [8] 

12  11,1 

2  14,5 

i  Un.  M. 

16  16,3  [9]  si. 

12  15,8 

4  0,5 

16  21,5  [8]  st. 

11  21,0 

5  0,4 

22. 

0Drac. 

8  33,8  [8]  st. 

12  25,8 

3  26,0 

Mane. 

<  Here. 

10  0,7  [8] 

A.  11  33,5 

1  32,8 

y  Drac. 

14  30,2  [8]  at. 

11  22,5 

3  7,7 

Capella 

15  32,4  [8]  st 

11  23,7 

4  8,7 

y  Ura.  Maj. 

17  20,5  [8] 

15  29,3 

1  25,2 

23. 

0  Cass. 

12  32,7  [6]  faint 

14  4,9 

1  6,2 

a  — 

16  6,3  [8] 

14  22,9 

1  17,4 

-Per*. 

13  29,3  [8] 

11  10,8 

2  18,5 

24. 

0  Drac. 

6  29,4  [8]  flint. 

10  21,9 

3  26,5 

Mane. 

i  Here. 

8  17,4  [7]  flutt. 

10  16,5 

1  33,1 

y  Drac. 

13  4,4  [7]  flutt. 

9  32,2 

3  6,2 

0  Urs.  M. 

0  15,1  [6]  flutt. 

12  18,1 

11  32,0 

*   

12  14,9  [7]  flutt. 

11  19,6 

0  29,3 

y  — 

13  6,6  [8] 

11  15,3 

1  25,3 

April  2. 

9  9,9  [8] 

12  12,4 

3  2,5 

f  - — 

7  25,9  [8] 

11  82,4 

4  6,5 

t  — 

11  1,6  [81 

11  32,8 

0  31,2 

x   

IS  18,8  [8] 

11  7,8 

2  11,0 

y  — 

12  9,8  [8]  flutt. 

10  21,2 

1  22,6 

6. 

14  13,0  [8] 

11  5,0 

3  8,0 

21  Can.Ven.  12  2,7  [8] 

9  27,9 

2  8,8 

-Urs.M«j.  13  30,4  [10] 

9  33,7 

3  30,7 

0  Drac. 

7  21,9  [8] 

11  17,2 

3  29,3 

Hh 


Digitized  by  Google 


234  ZENITH  OBSERVATIONS  AT  WANSTED. 


28. 

Rer.  /i 

Rcr.  u 

Ker.  // 

i  Herculis 

9  16,8  [8] 

11  18,6 

2  1,8 

£  Draconis 

8  13,0  [8] 

B.  11  22,0 

3  9,0 

y  Drac. 

11   6,3  [8]  flutt.  - 

A.  8  0,3 

3  5,0 

d  — 

3  31,6  [8] 

7  26,1 

3  28,5 

c  — 

11  14,1  [10] 

713,3 

4  0,8 

1  7- 

0  Cassiop. 

7  6,7  [8]  faint  - 

8  10,0 

1  3,3 

a   

11  21,5  [8]  faint  - 

10  0,9 

1  20,6 

a  Persei 

11   4,2  [8]  faint  - 

817,7 

2  20,5 

•  Urs.  Maj. 

11   1,7  [6]  flutt.  much 

7  26,0 

3  9,7 

21  Can.Ven. 

11   2,4  [6]  flutt.  • 

8  27,4 

2  9,0 

5  Urs.  Maj. 

14  6,0  [6]  flutt.  much 

10  5,3 

4  0,7 

15  11,7  [6]  flutt.  much  : 

:    10 17,2 

4  28,5 

fl  Drac. 

7  4,8  [3]  flutt.  very  much  10  32,5 

3  27,7 

i  Herculis 

9  22,9  flutt.  much 

11  26,9 

2  4,0 

g  Drac. 

7  32,6  flutt.  much 

B.  11  6,3 

3  7,7 

y  ■  

9  30,0  flutt.  exceedingly  A.  6  25,0 

3  5,0 

10. 

q  Urs.  Maj. 

16  11,2  [10] 

11  15,7 

4  29,5 

15. 

J  — _ 

16  3,5  [9]  st.  - 

12  9,0 

3  28,5 

W  — 

17  4,0  [9]  st.  - 

12  10.0 

4  28,0 

16 

16  29,8  [9] 

12  18,1 

4  11,7 

j3  Urs  Mai 

0  28,2  [6]  flutt.  - 

12  30,3 

12  2,1 

J,   

12  21,1  [6]  flutt  - 

11  30,6 

0  24,5 

V  — 

13  20,4  [8J 

11  10,4 

2  10,0 

^  — — 

12  18,6  [8]  flutt.  - 

10  31,0 

1  21,6 

14  21,3  [7]  flutt.  - 

11  15,0 

3  6,3 

21  Can.Ven. 

13  19,3  [6] 

11  11,8 

2  Ifi 

1  Urs.  Maj. 

15  13,8  [8] 

11  18,8 

3  29,0 

15  27,8 

10  33,0 

4  28,8 

17. 

i  — — — 

7  11,1  [4]  faint  - 

10  14,1 

3  3,0 

7  19,0  [8] 

815,4 

0  30,4 

0  9,7  [6]  flutt.  - 

12  9,7 

12  0,0 

12  25,3  [6]  flutt.  - 

12  2,0 

0  23,0 

13  27,8:  [4]  flutt.  m. 

11  18,8 

2  9,0 

IS  7,0 :  [3]  flutt.  v.  m. 

11  19,0 

1  22,0 

i  — — 

15  8,2  :  flutt.  cxc. 

11  32,4 

3  9,8 

?   

15  14,5  :  flutt.  m. 

11  20,0 

3  28,5 

15  2,2  : :  flutt.  exceed. 

10  7,4 

4  28,8 

The  stars  fluttered  very  much  all  this  night;  the  wind  was  south-east, 
and  the  sky  looked  very  clear. 

18.   0Cass.  9  3,0  [6]  faint.  10   4,4        1  1,4 
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1728. 

a  Cass. 

11  9,8  [6]  faint  - 

9  20,2 

1  23,6 

5Urs.M. 

29  21,1  [6]  flutt  - 

11  22,5 

12  1,4 

*   

12  11,7  [6] 

11  20,7 

0  25,0 

15  7,5  [6]  flutt.  - 

12  1,7 

3  5,8 

?   

16  5,3  [8]  flutt.  - 

12  9,6 

3  29,7 

17  17,8  [7]  flutt.  - 

12  24,1 

4  27,7 

April  23. 

Capclla 

19  7,9  [8] 

14  29,8 

412,1 

24. 

t  Urs.  Maj.  18  04,6  [3]  flutt.  m. 

14  32^ 

3  05,8 

25. 

a  Pen. 

16  11,3  [8] 

13  22,8 

2  23,0 

26. 

0  Urs.  Maj. 

012,7  [7] 

12  16,4 

12  3,7 

*   

11  14,1  [8]  st  - 

10  25,4 

0  22,7 

y   

12  24,6  [8] 

11  6,1 

1  18,5 

28. 

Capclla 

16  32,8  [8] 

12  19,8 

4  13,0 

May  5. 

•  Urs.  Maj. 

13  13,0  [6]  flutt.  - 

10  9,8 

8  3,2 

21  Can.Ven.  11   9,2  [8] 

9  6,0 

2  3,2 

<  Urs.  Maj.  12  0,5  [6]  flutt.  - 

8  10,5 

3  24,0 

l   

13  31,5  [9] 

9  7,8 

4  23,7 

3  Drac. 

4  4,4  [6]  flutt.  - 

8  6,1 

*  IJ 

•  Hero. 

6  24,5  [3]  flutt.  m. 

7  33,8 

2  9,3 

£  Drac. 

4  31,0  flutt  ext. 

8  10,2 

3  13,2 

Y  — 

7  29,1  flutt  ext. 

4  30,6 

2  32,5 

6. 

e  - 

0  11,6  [8] 

413,9 

4  2,3 

i  Hero. 

4  29,8  [8] 

7  4,8 

2  9,0 

£  Drac. 

5  4,6  [8] 

B.  8  20,1 

3  15,5 

y  — 

7  13,9  [8] 

A.   4  16,4 

2  31,5 

7. 

Capella 

8  21,6  [8] 

4  6,8 

4  14,8 

^  Urs.  Maj. 

29  4,9  [8] 

11  7,9 

12  3,0 

1   

12  31,4  [8] 

12  7,9 

0  23,5 

x  — 

13  18,5  [8] 

11  12,5 

2  6,0 

y   

13  8,7  [7] 

11  22,5 

1  20,2 

(3  Drac. 

7  25,5  [3]  flutt  v.  m. 

11  23,0 

3  31,5 

.  Her. 

8  24,8  [8]  flutt  v.  m. 

11  2,3 

2  11,5 

£  Drac. 

8  07,0  flutt.  ext 

11  17,5 

3  10,5 

y  — 

10  0,1  flutt.  ext 

7  3,8 

2  30^ 

8. 

6  Cass. 

7  1,8  [6]  hazy  - 

7  32,8 

0  31,0 

a  — 

11  24,0  [8] 

9  33,0 

1  25,0 

a  Pert. 

13  12,0  [7] 

10  20,2 

Capclla 

12  22,5  [6]  flutt  m. 

8  9,0 

4  13,5 

10. 

12  19,5  [6] 

8  3,5 

4  16,0 

/3  Drac. 

4  28,0  [6] 

8  28,5 

4  0,5 

H  h  2 
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Rcr.  ii 

Rer.  „ 

Rer.  „ 

1728. 

i  Here. 

6  9,3  [3]  flint,  m. 

8  20,0 

2  10,7 

f  Drac. 

4  23,5  [3]  flutt.  m. 

8  6,5 

3  17,0 

y  — 

7  16,0  [3]  flutt.  m. 

419,0 

2  31,0 

May  11. 

,  Urs.  Maj. 

7  20,2  [6J 

417,2 

3  8,0 

21  Can.  Ven.  7  17,5  [7] 

5  1  ">..■> 

2  2,0 

I  Urs.  M. 

10  1,7  [3]  flutt.  - 

6  11,0 

3  24,7 

10  19,5  [3]  flutt.  much 

5  32,5 

4  21,0 

Then 

I  went  to  Oxford. 

June  4. 

3  Drac. 

4  25,9  [6] 

9  8,6 

4  11,7 

i  Here. 

8  31,4  [6] 

11  15,4 

2  18,0 

£  Drac. 

7  24,0  [6] 

11  16,0 

3  26,0 

y  — 

10  18,2  [6] 

7  30,4 

2  21,8 

5. 

Capella 

11  32,8  [8] 

714,8 

418,0 

y  Ur».  Maj. 

9  19,5  [6] 

8  2,5 

1  17,0 

i  — — 

11  11,9  [10] 

8  12,9 

2  38,0 

11  31,2  [9] 

8  12,0 

319,2 

1   

13  31,8  [9] 

914,0 

417,8 

i  Herculis 

7  27,5  [6] 

1011,0 

2  17,5 

£  Drac. 

5  17,1  [6] 

910,8 

3  27,7 

y  — 

8  10,6  [6] 

5  23,0 

2  21,6 

7. 

0  Cassiop. 

7  16,9  [6] 

8  19,4 

1  2,5 

11  6,7  [7] 

917,9 

1  22,8 

Capella 

15  25,1  [8] 

11  5,9 

419,2 

8. 

0  Cass. 

9  8,0  [6] 

10  11,0 

1  8,0 

/3  Urs.  Maj. 

0  6,0  [7] 

12  9,5 

12  3,5 

12  11,0  [6]  faint,  hazy 

10  29,5 

1  15,5 

13  29,1  [10] 

10  30,1 

2  33,0 

13  14,7  [9] 

9  30,7 

318,0 

i   

18  1,8  [11] 

13  18,3 

417,5 

9. 

17  27,2  [10] 

14  28,7 

2  32,5 

12. 

Capella 

19  5,5  [8] 

14  19,5 

4  20,0 

15, 

y  Urs.  Maj.  16  15,9  [8] 

14  82,2 

1  17,7 

i  — — 

17  24,0  [10] 

14  25,2 

2  32,8 

5   

17  22,7  [10] 

14  4,7 

3  18,0 

i   

19  28,8  [9] 

15  11,3 

417,5 

,  Herculis 

7  31,7  [8] 

10  21,2 

2  23,5 

7  15,7  [6] 

11  7,7 

3  26,0 

10  7,4  [8] 

7  20,9 

2  20,5 

17. 

j3  Cassiop. 

6  26,3  [8] 

7  30,5 

1  4*8 

ct   

10  21,2  [10] 

8  33,2 

1  22,0 
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Rcr.  « 

Rer.  // 

Rev.  '/ 

1  MAO 

1728. 

a  Persei 

13  7,2  [8] 

10  18,2 

2  28,0 

Capella 

13  24,5  [8] 

ft       J  IP 

9  4,5 

4  20,0 

June  21. 

,  Urs.  Mai.  14  00,0  [8] 

9  17,0 

4  17,0 

u  urac. 

c   1  n  [fn  flntt  . 

ft  T  Q  ft 

9  18,0 

A  IN  ft 

4  17,0 

i  M6rc. 

8  28,2 

2  xo,5 

C    !>!■  n 

5   7  5  f91  flutt.  - 

9  2.5 

O  Oft  ft 

o  29,0 

7  — 

8  16  0  171  flutt  - 

22. 

H    I  115. 

o  :J0lsl 

6  8,5 

2  28,5 

Canella 

9  31  2  [81 

5  11,0 

4  20,2 

v  ITrs  Mai 

q  3  o  T61  faint  - 

7  20,  i 

1  10,3 

10  32,7  [8] 

ft       1  PV 

8  1,7 

2  31,0 

?  

11   3,5  [lo]1™1"1 

QUI     7  2Q  <J 

ft  1  fr  ft 

3  17,2 

11  26.0  [9] 

7  9,o 

A.  1  R  I 

4  16,4 

/3  Drac. 

2  30,2  [10] 

7  15,0 

4  18,8 

i  Here. 

5  15.0  [6]  flutt.  - 

a   k  k 
o  o,o 

9  94.  K 

f  Drac. 

4  81,717] 

8  33,2 

4  1,5 

r  — 

24  23,0  [6]  flutt.  - 

22  06,4 

2  16,6 

23. 

0  Caw. 

9  24,0  [6]  hazy  - 

10  27,3 

1  3,3 

a  — 

12  32,0  [6] 

11  9,3 

1  22,7 

a  Persei 

12  5.3  [6]  faint,  hazy 

9  9,6 

2  29,7 

Capella 

11  9,6  [8]  flutt.  - 

6  22,8 

4  20,8 

24. 

(3  Cass. 

6  11,8  [6]  hazy  - 

7  15,8 

1  4,0 

11  5,1  [8] 

917,1 

122,0 

When  I  went  to  observe  a  Persei,  I  found  the  wire  broke  just  at  the 
notch  at  top,  but  cannot  tell  whether  I  had  done  any  thing  more  than  usual 
to  occasion  this.    I  immediately  fixed  on  another,  and  then  observed 
13  25.2  [6]  very  hazy  9  6,2        4  19,0 

29  5.0  [3]  very  faint  11  6,5  12  1,5 
13  5,8  [6]  faint  -  11  22,8        1  17,0 

15  21,0  [8]  -  12  22,5  8  32,5 
17  7.0  [8]  hazy  -  13  23,0  S  18,0 
17  24,4  [10]  -  13  8,9  4  15,5 
17  9,5  [7]  v.  hazy            12  23.0        4  20.5 

20  l,2[6]Ld.c.Cr,.dirf,ob..l7  2,2  2  33.0 
22  29,0  [6]  ditto  -  18  13.0  4  16.0 
13  32,9  [6]  ditto  .  18  16,9        4  18.0 

21  8.5  [6]  ditto  -  18  27.5  2 15,0 
12  32,7  [9]         -  14  4,2        1  5,5 

16  32,0  [8]         -  15 12.0        1  20,0 
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Reir.  // 

Rev.  » 

1788. 

y  Pew. 

12  24,5  [6]  faint  - 

15  9,5 

2  80,0 

a  — 

18  3,5  : :  cloudy 

15  10,0 

8  87,5 

?  Urs.  M. 

24  10,0  [8] 

20  25,5 

318,5 

i   

24  22,5  [9] 

20  7,0 

4  15,5 

June  29. 

28  26,6  [6] 

24  10,6 

416,0 

90. 

>  Hcrculis 

24  5,0  [8]  flutt.  - 

26  32,0 

2  27,0 

£  Drac. 

11  18,2  [8] 

15  17,2 

3  33,0 

y  — 

13  28,7  [8] 

11  13,7 

2  15,0 

July  2. 

?  Urs.  Maj.  14  9,5  [10] 

10  25,0 : 

318,5 

15  19,0  [9] 

11  3,2 

415,8 

j8  Drac. 

6  24,5  [6] 

11  9,5 

4  19,0 

i  Here. 

9  1,0  [6]  flutt.  ra. 

11  31.0 

2  30,0 

£  Drac. 

8  9,5  [3]  flutt.  m. 

12  8,5 

3  33,0 

y  — 

10  29,7  [3]  flutt.  m. 

8  14,7 

8  15,0 

8. 

y  Urs.  Maj.  12  4,5  [3]  v.  faint 

10  20,5 

1  18,0 

?  —  

17  15,5  [6]  faint 

13  30,5 

8  19,0 

(3  Drac. 

12  16,4  [8]  st.  . 

17  8,7 

4  21,3 

i  Hercul. 

16  8,0  [8] 

19  2,5 

3  88,5 

£  Drac. 

15  8,0  [7] 

19  8,5 

4  0,5 

r  — 

18  4,4  [9] 

15  28,9 

8  14,5 

4. 

CapeJIa 

19  26,5  [9] 

15  7,5 

4  19,0 

£  Drac. 

10  1,5  [6]  flutt.  - 

14  21,5 

4  80,0 

i  Here. 

11  25,3  [4]  flutt.  m. 

14  20,8 

2  29,5 

£  Drac. 

13  24,0  : :  flutt.  ext. 

9  24,0 

4  0,0 

y  _ 

10  17,7  : :  flutt.  ext. 

8  3,2 

2  14,5 

5. 

jSCass. 

6  18,8  [7]  flutt.  - 

7  24,8 

1  6,0 

a.  — 

12  12,6  [6]  haxy  - 

10  87,2 

1  19,4 

a  Persei 

11  11,3  [9] 

8  17,7 

2  27,6 

Capella 

12  10,0  [6]  flutt.  - 

7  84,5 

4  19,5 

f  Urs.  M. 

11   9,0  [6] 

8  9,5 

2  83,5 

/3  Drac. 

3  26,5  [8] 

8  13,0 

4  20,5 

i  - 

5  20,0  [6] 

9  81,0 

4  1,0 

7  — 

7  8,0  [6]  flutt.  m. 

4  30,3 

211,7 

& 

Capella 

9  27,7  [9] 

5  7,7 

4  80,0 

t  Urs.  Maj. 

10  27,0  [9] 

7  26,5 

8  0,5 

12. 

Capella 

21  19,0  [8] 

16  38,5 

4  19,5 

13. 

21  12,8  [8] 

16  86,8 

4  20,0 

fi  Drac. 

12  6,8  [9]  st.  - 

16  28,3 

4  22,0 

»  Hcrculis 

13  30,8  [8] 

16  26,4 

2  29,6 

f  Drac. 

12  9,4  [8] 

16  11,1 

4  1,7 
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.1 

1WT,  // 

Rer.  it 

1   1  Mli 

y  Drac. 

14  19,2  [8]  st.  - 

12  Q  4 

2    9  8 

*  S7,0 

<j  uiy  1 1. 

*  Urs.  Maj.  17  20,9  [8] 

14   4  A 

4  10  K 
t  10,0 

1ft 

3  Drac. 

8  13,2  [9]  st. 

14    9  7 
lo    X,  / 

1  04  1! 
*  X*J,i> 

i  Here. 

10  17,0  [61 

It  140 

4  41  A 

£  Drac. 

8  25,5  [6] 

1  9  40  <5 
1%  ov,o 

4  /so 

y  — 

10  25,0  [8]  flutt.  - 

Hit'; 

9    Q  e: 

a  Pers. 

11  3,0  [6]  cloudy 

ft    0  K 

o  »,0 

9  97  »s 

Capella 

11  22,8  [91 

7   1  A 
1  i,u 

4  90  7 
*  XU,  1 

an 

y  Pers. 

5  30,5  [6]  faint,  hazy 

ft  1.K 

o  in  n 

a   

10  22,0  [8] 

7  41  (1 

X  XifyVJ 

J  — 

8  81,7  16]  hazy,  v.  faint 

ft  1ft  9 

a  ia  e 

Capella 

13  14,7  [10] 

ft  20  2 

4  10/5 

22. 

a  Pers. 

10  32,6  T91 

■ w               L  J 

o  0,0 

2  "(In 

26. 

0  Drac. 

6  23,5  Mil  |  out 

1  1  1  K  n 

4  O  t  O 

i  Here 

8  3,2  [8] 

11  2.J5 

2  33  3 

£  Drac 

6  26,0  [8] 

in  4n  u 

A  Aft 

■  *,o 

y  — 

7  30,4  [8] 

e  Qi  i 
O  Ua  * 

9  on 

Man*.  27.  0  Caw. 

5  22,2  [9]  st.  - 

7  (17 

1  19<5 

a  — 

9  25,0  [8]  flutt  - 

ft    11  (1 

1  I4.n 

y  Pers. 

8  13,0  [6]  cloudy 

11    0  7 

2  21  7 

a  — 

IS  28,4  [10]  st.  - 

11   8  4 

2  25,0 

J  — 

10  25,0  [4]  hazy  - 

10  14  0 

IV  1*,V 

OHO 

V  1  l,v 

Capella 

15  1,8  [10] 

10  ifl  S 

4  io  n 

28. 

&  Drac. 

18  33,5  [8]  st.  - 

i  ft  94  n 

4  94  K 

i  Here, 

15  8,5  [8]  flutt.  . 

1ft    ft  o 
lo  o,u 

a<)4( 

X  >>.5,J 

£  Drac. 

14  18,4  [8] 

1ft  94  4 
IO  X-f,1* 

4  on 

r  — 

16  0,0  [10] 

14  97  n 
li>  X/,U 

9   7  n 

Man*.  29.  0  Cass. 

8  25,5  [91 

■■■■1™  lvJ 

1<1    4  I? 

1U  Y,t> 

i  14  n 

1  1«7,U 

*   

11  18,2  [8] 

in   k  a 
IV  0,* 

t  Pers. 

11  82,0  [6]  v.  faint 

in  m  4 

1  91  7 
1  Ml,  1 

«  — 

14  27,5  [9] 

IO     O  K 

4  OK  ft 

8  — 

12  25,2  [6]  t.  faint 

12  14.7 

A*  11)  1 

0  10,5 

Capella 

16  33,2  [9] 

12  18,4 

419^8 

31. 

0Cass. 

10  83,5  going  out 

12  15,5 

1  14,5 

a  — 

14  26,0  \  out 

13  14,0 

1  18,0 

Aug.  1. 

0  Dracon. 

8  11,0  [10]  st.  twilight 

13  2,7 

4  25,7 

2inchap, 

,  i  Here. 

9  17,2  [9] 

12  17,7 

3  0,5 

f  Drac. 

8  16,4  [8] 

12  24,9 

4  8,5 

y  — 

11  17,0  : :  dub.  {  out 

911,0 

2  7,0 

2. 

.  Urs.  M. 

12  0,0  [6]  cloudy 

8  29,0 

3  6,0 
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1728. 


R«T.  II 

$Urs.Maj.  12  31,5  [6]  faint 


Aug.  3. 
Man*. 


7. 


/3  Drac. 
•  Here. 
I  Drac. 

7  ~ 
t  Pers. 

7  — 
a  — 

8  — 
Capella 

,  U«.  M. 
(9   

i   

/3  Drac. 
i  Here. 

£  Drac. 

7  — 

t  Pers. 

y  — 


Error,    a  — 


I  — 
Capella 
t  Pers. 


12  22,8  [8] 

2  29,5  [8] 

4  33,5  [8] 

3  10,5  [6] 

6  26,5  [9]  st.  - 

6  26,0  [6]  faint  - 

3  15,0  [6]  faint,  flutt. 
10  6,0  [6]  flutt.  m.  foggy 

7  1,5  [6]  v.  faint 
10  16,5  [10]  st.  - 

13  19,5  [3]  : :  hazy 
29  25,0  [3]  v.  faint 

14  10,0  [8] 

14  23,0  [7] 

15  9.5  [7] 

6  11,5  [9 

8  4,0  [8 

6  31,5  [8 
8  0,8  [9 

7  4,5  [7]  flutt.  - 
2  11,5  [7]  flutt.  - 

8  11,3  [8]  flutt.  v.  m. 
816,3 

5  11,0  ::  v.  faint 

9  10,5  [6]  flutt.  m. 

7  22,2  [8]  flutt.  exc. 

8  27.5  [4]  flutt.  exc. 

6  3,0  : :  flutt.  exc. 
10  21,5  [4]  flutt.  ext. 


Rer.  (/ 

9  8,5 
8  4,8 

7  20,5 

8  0,5 
717,7 

4  19,5 

5  8,0 

6  1,5 
717,0 
6  23,5 
5  32,0 

9  1,5 
11  17,5 
11  4,0 
11  0,0 

10  24,5 

11  4,5 
11  6,0 

11  5,0 

5  28,8 

6  18,0 

4  33,5 

5  26,8 

5  2,0 

4  27.5 

6  1.7 
6  4,5 

5  30,0 

6  4,0 


8  — 
Capella 

The  stars  fluttered  very  much  all  this  morning,  so 
them  with  any  certainty.    I  observed  most  of  these 
the  mean  of  the  several  trials. 


Rer.  « 

3  28,0 

4  18,0 
4  25,0 

3  1,0 

4  7,2 
8  7,0 

1  18,0 

2  21,5 

2  28,0 

0  13,0 
4  18,5 
4  18,0 

11  26,5 

3  6,0 

3  23,0 

4  19,0 
4  27,0 
8  2,0 

4  07,5 
2  6,0 

1  20,5 
.  2  22,0 

2  18,5 

0  9.0 
4  17,0 

1  20.5 

2  23.0 
0  7,0 
417,5 


that  I  could  not  bisect 
several  times,  and  took 


10.   j3  Drac. 

0  25,8  [8] 

5  17,8 

4  26,0 

i  Herculis 

2  18,5  18] 

5  21,5 

3  3,0 

f  Drac. 

3  27,5  [6] 

7  33,0 

4  5,5 

y  — 

4  23,7  [9]  flutt.  m. 

2  15,7 

2  8,0 

12.   <Urs.  Maj. 

6  28,0  [8] 

3  3,0 

3  25,0 

8  17,0  [8] 

3  31,0 

4  20,0 
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Her.  //  Rer.  «  Rer.  tt 


1728. 

B  Drac. 

2  14,4  [8] 

7  7,4 

4  27,0 

i  Ilorcul. 

4  0,5  [8] 

7  4,5 

3  4,0 

f  Drac. 

- 

4  7,2  [8] 

8  14,7 

4  7,0 

Y   

5  5,5  [8]  flult.  - 

2  33,5 

2  6,0 

Aug.  13. 

t  Pcrs. 

5  14,5  [8] 

3  29,8 

1  18,7 

y  — 

2  5,0  [8] 

4  28,5 

a  — 

6  20,0  [8]  flutt.  - 

3  83,5 

2  20,5 

8  — 

8  24,7  171 

8  16,7 

0  8,0 

Capella 

7  24,0  [8] 

3  8,7 

4  15,3 

14. 

y  Drac. 

8  11,5  [9]  »t.  - 

6  6,5 

2  5,0 

15. 

a  — 

6  13,0  [8]  st.  - 

11  7,0 

4  28,0 

i  Here. 

8  21,5  [81  : 

"      L  J 

11  24,0 

3  2,5 

1  Drac. 

7  25,5  [8]  st.  - 

12  1.5 

4  10,0 

y  — 

10  7,3  [81  st.  - 

8  8,3 

2  4,0 

17. 

e  — 

7  27,5  [91 

12  3,5 

4  10,0 

y  — 

9  19,7  [10]  v.  st. 

715,7 

2  4,0 

18. 

&  Drac. 

2  16,7  [8] 

7  10,2 

4  27,5 

i  HercuL 

3  18,0  [6]  : 

6  23,0 

3  5,0 

I  Drac. 

2  22,0  [8]  flutt.  - 

6  30,5 

4  8,5 

y  — 

6  1,5  [8]  flutt  • 

8  31,2 

2  4,3 

Mane.  19-  t  Pcrs. 

6  19,0  [6]  cloudy 

6  1,0 

1  18,0 

7  — 

4  17,5  [6]  flutt.  m. 

7  8,5 

2  25,0 

a  — 

9  21,8  [8]  flutt.  m. 

7  2,8 

2  19,0 

«  — 

6  13,5  [6]  flutt.  m. 

6  10,0 

0  3,5 

Capella 

10  32,5  [8]  flutt. 

6  17,2 

4  15,3 

21. 

&  Drac. 

11   0,5  [7]  |out 

15  80,7 

4  29,5 

i  Here. 

13  28,7  [6]  \  out,  cloudy 

16  30,4 

3  1,5 

22. 

Capella 

22  21,5  [8]  hazy 

18  3,8 

4  17,7 

£  Draconis 

15  6,5  [8] 

19  17,5 

4  11,0 

y  — 

15  28,5  [10]  st.  - 

13  24,2 

2  4,3 

23. 

0   

8  27,7  [10]  v.  st. 

13  21,7 

4  28,0 

i  Hercul. 

11   4,6  [8] 

14  6,8 

3  2,2 

y  Drac. 

16  12,5  [11]  v.  st. 

14  8,5 

2  4,0 

24. 

0  Urs.  Maj.  29  29,0  [9] 

11  14,3 

11  19,3 

y   

14  4,0  [9] 

12  7,0 

1  81,0 

15  10,2  [9] 

12  1,5 

8  8,7 

?   

16  7,5  [10] 

12  15,2 

3  26,3 

16  28,5  [10] 

12  6,2 

4  22,3 

25. 

0  Drac. 

12  11,0  [10] 

17  5,0 

4  28,0 

.Here. 

14  14,0  [8]  faint  - 

17  16,0 

8  2,0 

I  i 
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Re'.  « 

Ret.  » 

Ber.  h 

1728. 

£  Drac. 

12  32,5  [8] 

17  8,7 

4  10,2 

y  — 

14  8,2  [9] 

12  5,0 

2  3,2 

Aug.  26. 

Capella 

15  18,5  [8J  st.  - 

11  1,0 

4  17,5 

27. 

15  19,0  [9] 

11  1,5 

4  17,5 

29. 

/S  Drac. 

5  3,0  [6J  cloudy 

9  38,0 

4  30,0 

y  — 

11  26.5  [8] 

9  23,5 

2  3,0 

31. 

Capella 

13  22,5  111]  v.  st. 

9  5,0 

4  17,5 

Sept.  1. 

y  Drac. 

10  24,7  [8] 

8  21,7 

2  3,0 

Sept.  3.  I  took  off  the  wire  of  the  plummet  and  fixed  it  on  again  about  a 
quarter  of  an  inch  shorter,  so  that  the  bent  part  (that  rested  in  the  notch  at 
top)  might  be  cut  off  after  'twas  again  fastened.  This  I  did  in  order  to  try 
whether  it  would  hang  exactly  the  same  after  as  before ;  because  I  suspected 
that  there  might  be  some  difference,  the  observations  of  last  year  not  exactly 
agreeing  with  those  of  this.  But  upon  my  adjusting  the  same  spot  to  the 
plummet  after  I  had  altered  it,  as  I  had  done  before,  I  could  not  perceive 
any  difference ;  so  that  I  judge  this  difference  cannot  arise  from  the  uncer- 
tainty of  hanging  of  the  wire  truly  in  the  same  place,  but  may  possibly  pro- 
ceed from  some  small  alteration  in  the  tube  itself,  &c.  if  the  succeeding 
observations  shall  be  foimd  to  confirm  the  small  disagreement  that  those 
already  made  of  y  Drac.  seem  to  shew. 


Rrr  „ 

Rct.  „ 

Rcr.  „ 

?  Urs.  Maj.  20  15,7  [10] 

16  20,5 

3  29,2 

3  Drac. 

14  19,4  [8] 

19  4,4 

4  29,0 

•  Here. 

15  15,2  [8] 

18  17,5 

3  2,3 

y  Drac. 

19  26,5  [8]  flutt.  - 

17  23,5 

2  3,0 

4. 

y  — 

15   1,3  [8] 

12  32,3 

2  3,0 

6. 

•  Urs.  M. 

16  4,6  [9] 

12  25,6 

3  13,0 

0  Drac. 

6  29,3  [8] 

11  24,3 

4  29,0 

•/  — 

27  3,5  [8] 

25  0,5 

2  3,0 

8. 

,  Urs.  M. 

23  26,6  [8] 

19  0,4 

4  26,2 

Mane.  9. 

r  Tens. 

19  30,0  [4]  flutt.  ext. 

18  17,5 

1  12,5 

y  — 

16  G,5  [3]  flutt.  ext. 

19  8,5 

2  31,0 

a  — 

20  17,2  [3]  flutt.  ex. 

17  33,7 

2  17,5 

I  — 

18   4,7  [3]  flutt.  ex. 

17  33,5 

0  5,2 

B  Drac. 

12  17,7  19] 

17  12,0 

4  28,3 

y  — 

19  2.9  [8] 

17  0,4 

2  2,5 

Sept.  10.  I  took  off  the  wire  after  having  very  well  rectified  a  spot  to  it,  and 
immediately  fixed  on  a  new  one,  and  then  compared  the  same  spot  with  the 
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new  wire  as  before  with  the  old  one;  but  I  could  not  perceive  that  there 
was  the  least  difference;  I  am  sure,  had  there  been  a  quarter  of  a  second 
odds,  I  could  have  discerned  it. 

The  reason  why  I  have  been  thus  curious  in  trying  whether  different 
wires  agree  with  each  other  is,  that  if  there  should  appear  any  little  differ- 
ence in  the  different  years'  observations,  I  might  be  satisfied  that  it  cannot 
arise  from  the  different  wires,  but  must  proceed  from  some  other  cause. 
And  though  the  experiment  of  September  3d  might  seem  sufficient,  yet 
because  that  was  made  with  the  same  wire  (which  was  also  pieced  near  the 
bob)  I  chose  to  repeat  the  experiment  in  the  manner  I  did  this  day;  which 
has  not  only  confirmed  the  former,  but  also  makes  it  evident  that  the  tying 
a  knot,  &c.  near  the  bob  or  ball,  does  no  harm. 


1728. 

iter,  // 

Rtr.  // 

Sept.  10. 

0Drac. 

10   7  8  f91  v,  st 

15  2,1 

4  28,3 

y  — 

2   3  0 

11. 

0  Urs.  M. 

0   1  3  191 

11  15  3 

ft  ft  IwjW 

11  14,0 

14  12.7  rsi 

12  11  7 

2  10 

■   

1  >J     lU)U    L       i    *  ''*"'' 

11  SO  ^ 

8  13  1 

0  Drac. 

10  31,8  [10]  v.  st. 

15  26,5 

4  28,7 

y  — 

17  30,6  [10] 

15  28,1 

2  2,5 

12. 

Capella 

19  31,5  [6]  flutt.  m. 

15  16,8 

4  14,7 

Mane.  13.   

19  28,5  [6]  flutt.  m. 

15  14,8 

4  13,7 

18  Camel. 

14  7,5  [31  faint  - 

15  6,5 

0  33,0 

8  Aurig. 

14  32,3  [6] 

14  12,8 

0  19,5 

35  Camel. 

16  27,7  [8] 

14  19,9 

2  7,8 

0  Urs.  M. 

29  32,5  [9] 

11  13,0 

11  14,5 

7   

IS  4,0  [8] 

11  1,0 

2  3,0 

14  11,8  [8] 

10  30,8 

8  15,0 

0  Cassiop. 

9  24,9  [8] 

11  20,6 

1  29,7 

a   

13  4,0  [6]  flult.  - 

12  5,0 

0  33,0 

15. 

0  Drac. 

8  1,7  [8]  st.  - 

12  30,7 

4  29,0 

y  — 

14  14,6  [8] 

12  11,3 

2  3,3 

16. 

Capella 

16  17,5  : :  flutt.  v.  m. 

12  6,0 

4  11,5 

0  Drae. 

6  27,9  [8] 

11  21,2 

4  27,3 

y  — 

14  3,2  [7]  faint,  hazy 

12  0,5 

2  2,7 

17. 

0  Urs.  M. 

0  20.3  [8] 

11  33,8 

11  13,5 

a  Cassiop. 

16  7,0  [6]  flutt.  m. 

15  8,0 

0  33,0 

Mane.  18.  9  Aurig. 

17  27,0  [3]  faint  - 

14  25,5 

3  1,5 

Capella 

18  22,2  [6]  flutt.  - 

14  7,7 

4  14,5 

18  Camel. 

12  12,0  [6]  faint  - 

18  13,0 

1  1,0 

I  i  2 
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1    -*■■■]  LI 

1 728. 

Her.  // 

R*r.  „ 

Rcr.  11 

I  Aurig. 

13  15,5  flutt.  ext. 

12  32,0 

0  17,5 

O  fir  1 

3o  Camel. 

14  27,0  : :  flutt.  ext.  &  faint  12  19,0 

2  8,0 

p  Cass. 

10  a.  n  r~i 
12  4,0  [  (J 

14.    a  a 
14  X,0 

1  32,0 

at  — 

1  A  on  0  1  ul  ,.1„.,J 

1 1  00  0 

ij  xy,x 

0  30,0 

Sept.  19- 

a  — 

1  A.  OK  K  fTI 

1  O  OA  A 

19  3O,0 

0  29,5 

20. 

8  Urs.  M. 

a  01  ft  r  ui 
0  21,0  [WJ 

1 1  a 

1 1  33,3 

11  12,3 

y  — 

1 0  09  c  r  m 
10  %x,o  [BJ 

11  inn 
11  1M,0 

2  4,5 

1114119 

4  29,5 

0  Cass. 

11    3,0  [8J  St. 

1  O  IO 

13    I ,  - 

1  32,2 

a  — 

11  inn  rai 
l*  10,0  [oj 

13  14,* 

0  29,8 

21. 

FT   \f 

y  Urs.  M. 

lo   4,7  [n] 

IX  33,7 

2  o,0 

17  1  O  K  im 

IO  ll,d 

4  1,0 

la  ig  c  mi 
la  12,0  LtlJ 

la  ICC 
13  10,0 

4  30,0 

22. 

LapelJa 

i«  itt  n  r<n 

18  1  f  ,0  [OJ 

14  1,0 

4  16,0 

18  Camel. 

IO  91)  t  rtl  faint 

13  01,0 

1  3,0 

26. 

Capella 

1  u   n  11  1111 
10  y,o  [loj 

1  4  <1A  A 
13  e>0,0 

4  13,0 

18  Camel. 

IX  X4,7  [OJ 

i  a  ok  ft 
13  25,7 

1  1,0 

6  Aung. 

ID  XX,U  [HJ 

0  18,8 

35  Camel. 

15  2,0  [7] 

1  O  Ofi  A 
1%  Xn,0 

2  8,0 

46  Aung. 

13  17,0  [4]  flutt.  - 

1 0  iji";  11 

0  25,0 

27. 

y  Drac. 

15  4,5  [8] 

14     1  A 

13  1,0 

9.  3,5 

28. 

C  Urs.  M. 

16  0,0  [7] 

11  CI  ■ 
11  0 1  ,t> 

4  2,5 

1   

16  10,2  [10] 

1 1  ix,o 

4  31,7 

j3  Drac. 

6  25,7  [9] 

11  17  7 
11  1  It  1 

4  26,0 

7  — 

13  3,0  [10] 

in  <tfi  n 

2  4,0 

30. 

Capella 

14  30,0  [8] 

IA  1TSI 

4    111  M 

4  12,7 

18th  Camel. 

9  2,5  [3]  faint  - 

1  0,0 

Oct.  1. 

Capella 

15  14,5  [8] 

11  1,0 

4  13,5 

18th  Camel.  9  5,5  [6] 

10  9,0 

1  Off 

1  3,5 

8  Aurig. 

10  28,0  [6] 

10  10,2 

A  1  7  C 

0  17,o 

35th  Camel.  12  5,8  [8] 

9  33,3 

2  6,5 

9. 

•  Urs.  11 

1414,5  [10]  v.g. 

10  24,7 

8  23,8 

13  32,5  [9] 

9  25,0 

4  07,5 

14  27,8  [3]  cloudy 

9  25,3 

5  2,5 

11. 

y   

15  24,7  [10] 

13  12,7 

2  12,0 

16  31,7  [11]  v.  g. 

18  7,2 

3  24.5 

?   

16  29,3  [11] 

12  21,3 

4  8,0 

The  air  was  so  clear  that  I  could  this  day  see  the  small  star  that  is  con- 
tiguous to  £. 

,  Urs.  Maj.  17  9,8  [9]         -  12  7,3        5  2.5 
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Rev  a 

1728. 

(3  Drac. 

6  24,5  [4]  hazy  • 

11  16,5 

4  25,0 

Oct.  12. 

3  Ure.  M. 

0  8,8  1 81 

11  13,3 

11  4,5 

13. 

0  4,2  161  hazy  - 

11  8.2 

11  4,0 

15. 

4/  Cvimi 

10  9,0  m 

11  18.7 

1  9,7 

20   

15  13.5  161  flutt  m. 

11  12,5 

4  1.0 

;}a,   

0  14.0  1  Hi 

11  2.0 

1  22  0 

£  Cass. 

8   0  0  1 41  flutt  v  in 

w      vjw  ■  »  1   null*    «•  Ml* 

10  5,0 

2  5,0 

0  27  0  161 

<)  5  7 

0  21  3 

lfi 

y  uruLou. 

7  fifi  J5  FH1 

O  1,1,  . 

2    7  <1 

Is 

1U  *  1  )V  [_OJ 

e  on  o 

2    7  0 

12  2fi  7 

0  20  6 

* 

i   

()  on  <«  f«l 

10  22  8 

1  2.5 

4   

1  K     Q  K  f  Hi 

12    n  ft 

20   

15  26  6  181 

11  25,6 

4  1,0 

Su  

9  25,0  [6] 

11  12,0 

1  21,0 

S  Cass 

8  10  2  roi  v  st  - 

10  17  7 

2  7  5 

at  — 

10  22,7  r81 

10  2,7 

0  20,0 

t  Pers. 

10  6,5  [8]  st. 

9  5,5 

1  1,0 

6  28.7  f8l  flutt.  - 

10  1,7 

3  7,0 

fit  — 

11  25,0  [8]  flutt.  - 

9  17,0 

2  08,0 

I  — 

8  21,0  [8]  flutt  - 

8  23,0 

0  2.0  north 

19. 

4>  Cygni 

9  22,7  [8] 

10  32,2 

1  9^ 

2o  — 

14  33,2  [10] 

9  MPO 

10  81,7 

4  1,5 

3s  — 

10  29,2 

1  21,0 

0  Cassiop. 

9  5,7  [8] 

11  13,4 

2  7,7 

22. 

y  Urs.  Maj 

.  12  17,3  [4]  d  - 

10  3,3 

2  14,0 

/3  Drac. 

6  1,5::  dub.  - 

10  25,0 

4  23*5 

1  — 

10  14,3  [10] 

8  7,3 

2  7,0 

29. 

■  Urs.  Maj.  11  29,7  [8] 

7  38,0 

3  30,7 

12  15,5  [6]  hazy  - 

8  0,2 

4  15,3 

i   

13  24,5  [4]  v.  hazy 

816,0 

5  8v5 

31. 

r  Cass. 

15  20,8  [8]  st.  - 

16  26,8 

1  6,0 

0  - 

13  33,2  [9]  v.  st,  v.  windy 

16  9,2 

210,0 

a  — 

17  3,2  [8] 

16  19,6 

0  17,6 

t  Per*. 

16  18,5  [8] 

15  20,0 

0  32,5 

y  — 

12  28,5  [8]  very  windy 

16  3,5 

3  9,0 

a  — 

17  18,0  [8] 

15  13,0 

2  5,0 

Nov.  16.    I  came  from  Oxford. 

9th  Aurig. 

19  12,0  [8]  st.  - 

16  22,0 

2  24,0 

Capella 

20  6,8  [9]  v.  st.  - 

15  30,3 

4  10,5 
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1728. 

Kcr.  /» 

Rrr.  // 

Rrr.  n 

Nov.  17.    •  Urs.  M. 

20  24,7  [8]  st.  - 

16  21,7 

4  3,0 

5  — 

20  20,3  [9]  v.  »t.  - 

16  0,0 

4  20,3 

20  18,8  [10]  v.  g.  - 

15  04,1 

5  14,7 

0  Cass. 

7  16,1  [8]  st.  - 

9  29,6 

2  13,5 

X  — 

12  8,2  [K]  st.  - 

9  9,2 

2  33,0 

a  — 

10  12,0  [8] 

9  31.0 

0  15,0 

19.    n  Urs.  M. 

1.5  20,9  [9]  cloudy 

10  5,4 

5  15,5 

0  Drscon. 

4  30,7  [10] 

910,7 

4  14,0 

7 

ii  14.8  rioi 

8  33,8 

2  15,0 

t  Pcrs. 

9  3,0  [8]  st.  - 

8  9,0 

0  28,0 

7  — 

5  3,5  [8] 

8  17,5 

3  14,0 

a  — 

10  19,0  [4]  cl.  - 

8  16,0 

2  3,0 

I  — 

7  18,6  [4]  cl. 

7  26,6 

0  8,0 

9th  Aurig. 

10   1,7  [8] 

712,7 

2  23,0 

Capclla 

12  2,5  [8] 

7  26,5 

4  10,0 

22.    0  Drac. 

3  3,0  [9] 

7  16,0 

4  13,0 

A  rery  clew  £  Cass. 

7  21,8  [9] 

10  3,3 

2  15,5 

fro»ty  niirln, 

with  a  itrooj  A  — 

13  32,7  [9] 

10  33,4 

2  33,3 

Aurora  Bo- 

■  calls  ,  »mr» 

20  25,7  [9] 

20  11,7 

014,0 

mored  pretty  T  perg- 

11  9,7  [9] 

10  16,2 

0  27,5 

•tewljr. 

7  — 

* 

7  82,3  [9] 

11  12,8 

3  14,5 

a  — 

13  9,5  [9] 

11  8,0 

2  1,5 

1  — 

10  26,0  [8] 

11  0,0 

0  8,0 

Mane.  23.  0  Urs.  M. 

0  10,5  [9]  flutt.  - 

11  5,8 

10  29,3 

12  26,5  [8] 

11  3,0 

1  23,5 

y  — — 

A. 

16  16,0  [6]  flutt.  ro. 

13  7,0 

3  9,0 

v  — — - 

18  17.8  [8]  flutt.  m. 

15  27,3 

2  24,5 

20  2,0  [9]  flutt. 

15  30,0 

4  6,0 

19  3,5  [4]  flutt.  m. 

14  13,0 

4  24,5 

21  32,8  [8]  flutt.  v.  m. 

16  15,8 

5  17,0 

/3  Drac. 

12  8,0  [8] 

16  21,0 

4  13,0 

7  — 

18  7,5  [9] 

15  26,0 

2  15,5 

/3Ca*,. 

5  32,5  [9]  st.  - 

8  13,2 

214,7 

a  — 

11  7,0  [3]  cl.  - 

10  28,0 

013,0 

t  Pcrs. 

11  24,0  [7] 

10  30,5 

0  27,5 

7  — 

7  2,3  [6] 

10  16,3 

3  14,0 

a  — 

12  27,0  [8]  st  - 

10  24,5 

2  2,5 

5   

10  4,0  [3]  cl.  - 

10  12,5 

0  8,5 

Man*.  24.  0  Urs.  M. 

0  14,5  [8]  st.  - 

11  10,0 

10  29,5 

7  "  

14  14,5  [7] 

11  24,5 

2  24,0 
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Her.  * 

Rer.  » 

Rer.  f 

1728. 

•  Ur».  M. 

18  18,8  [7] 

14  14,3 

4  4,5 

?  

19  28,2  [H] 

15  6,2 

4  22,0 

>i  

20  19,0  [10] 

15  2,5 

5  16,5 

Nov.  28. 

/3  Drac. 

10  12,5  [7] 

14  24,0 

4  11,5 

y  — 

17  3,7  [9] 

14  19,2 

2  18,5 

29. 

7  — 

11  18,7  [10] 

9  0,4 

2  18,3 

PC***. 

7  11.5  [6] 

9  26,5 

2  15,0 

A  — 

12  6,7  [8] 

9  8,4 

2  32,3 

a  — 

9  31,7  [8]  flutt.  - 

917,2 

0  14,5 

30. 

8  - 

7  14,3  [10] 

9  29.8 

2  15,5  t 

X  — 

12  13,5  [7] 

9  14,5 

2  33,0* 

a  — 

10  12,5  [G] 

9  33,0 

0  13,5 

Dec.l. 

J9  - 

7  33,0  [12]  v.  st. 

10  14,0 

2  15,0 

A  — 

13  21,0  [9] 

10  22,0 

2  33,0 

a  — 

11  16,2  [8] 

11  3,0 

0  13,2 

r  Per*. 

11   8,0  [8] 

10  15,5 

0  26,5 

7  — 

6  19,2  [9] 

10  2,0 

3  16,8 

a  — 

11  22,7  [7] 

9  22,0 

2  0,7 

<  — 

9  2,5  [8] 

9  11,5 

0  9,0 

Capclla 

12  24,7  [10] 

8  16,2 

4  8,5 

4. 

(9  Cass. 

9  21,8  [8]  st.  - 

12  2,1 

2  14,3 

A  — 

14  25,0  [7] 

11  26,0 

2  33.0 

a  — 

13  16,0  [8] 

18  2.5 

0  18,5 

Mane.  7. 

(9  Urs.  M. 

0  15,5  [9]  flutt.  - 

11  10,0 

10  28,5 

4,  

12  28,9  [8] 

11  2,9 

1  26,0 

y   

12  33,7  [9] 

10  8,7 

2  25,0 

•   

15  15,0  : :  v.  haiy 

11  7,5 

4  7,5 

9. 

0  Caw 

8  19,7  [8] 

11  0,7 

2  15,0 

# 

A  — 

14  11,0  [8]  st  - 

11  12,8 

2  32,2 

at  — 

11  11,8  [10]  st.  - 

11  0,0 

0  11,8 

y  Pers. 

7  15,0  [10]  st.  - 

10  33,2 

3  18,2 

«  — 

12  25,6  [9]  st.  - 

10  26,6 

1  33,0 

I  — 

9  81,8  [10]  st.  - 

10  8,8 

0  11,0 

9lh  Aung. 

12  26,0  [7] 

10  7,0 

2  19,0 

Capclla 

14  6,8  [10]  st.  - 

10  0,5 

4  6,3 

Man*.  11. 

.  Ure.  M. 

14  30,7  [10]  v.  st. 

10  21,4 

4  9,3 

1   

16  4,7  [10] 

11  11,7 

4  27,0 

Aloorc 

9  26,2  [8] 

11  11,7 

1  19*5 

,  Urs.  Maj.  17  2,5  [9] 

11  13,5 

5  23,0 

S  (  as, 

8  12,0  [9]  st.  - 

10  27,5 

215,5 

Digitized  by  Go 


248  ZENITH  OBSERVATIONS  AT  VVANSTED. 


Rev.  H 

R«».  // 

Rer.  ii 

1728. 

a.  Cass. 

10  29.0  [9] 

10  16,2 

012,8 

t  Pers. 

10  28,0  [S]  :  v.  hazy 

10  4,5 

0  23,5 

7  — 

6  27,5  [6]  hazy  - 

10  11,0 

3  17,5 

a  — 

11  24,2  [8] 

9  25,6 

1  32,6 

8  — 

9  7,8  [9] 

919,0 

0  11,2 

Doc.  18. 

0  Cass. 

7  6,5  [10] 

9  21,0 

2  14,5 

A  — 

13  6,0  [8] 

10  8,5 

2  31,5 

a  — 

10  19,3  [8] 

10  7,1 

0  12,2 

y  Pers. 

6  18,2  [8] 

10  3,0 

3  18,8 

a  — 

11  16,0  [8] 

917,6 

1  32,4 

8  — 

8  28,3  [8]  cloudy 

9  4,8 

010,5 

9th  Aurig. 

11  12,6  [8] 

8  28,6 

2  18,0 

CajK'lla 

12  23.0  [4] 

8  17,0 

4  6,0 

Mane.  14.  0  Urs.  Iff. 

0   7,5  going  out,  clouds 

11  5,0 

10  29,0 

11  81,5  [8] 

11  19,2 

0  12,3 

Man6.  16.  6  Urs.  M. 

0  9,7  [4]  cloudy 

11  4,7 

10  29,0 

13  5,0  [8]  cl.  - 

10  12,0 

2  27,0 

15  14,6  [9] 

11  5,1 

4  9,5 

15  18,8  [8] 

9  30,2 

5  22,6 

(S  Cass. 

9  25,5  [8] 

12  6,5 

2  15,0 

a  — 

11  32,5  [9] 

11  20,5 

0  12,0 

Capella 

16  12,5  [9]  st.  - 

12  7,5 

4  5,0 

17. 

y  Drac. 

10   1,5  [8] 

7  11,3 

2  24,2 

19. 

/3  - 

2  28,7  [9] 

6  33,2 

4  4y5 

r  — 

9  9,0  [9]  g.  - 

618,5 

2  24,5 

20. 

r  — 

9  8,3  [10] 

617,0 

2  26,8 

21. 

r  — 

4  26,2  Dr.  Halley  obs. 

2  1,2 

2  25,0  . 

5  Cass. 

4  17.3  [8]  flutt.  - 

6  32,6 

215,8 

x  — 

9  22^5  [8]  flutt.  - 

6  25,0 

2  31.5 

a  — 

10  0,8  [8]  flutt.  m.  error 

7  20,5 

2  14.3 

t  Pcrs. 

7  6,7  [8] 

618.2 

0  22,5 

7  — 

2  14,0  [8]  haiy  - 

5  83,0 

3  19,0 

a  — 

9  25,0  [9]  flutt.  - 

7  28,5 

1  30.5 

28. 

7  ~ 

4  6,5  [7]  flutt.  - 

7  24^5 

3  18,0 

a  — 

9  28,0  [8]  flutt.  ext. 

7  29,0 

1  38,0 

Capclla 

11  15,0  [8]  flutt.  ext. 

7  13,5 

4  1,5 

24. 

16  2,0  [8] 

11  31,0 

4  5,0 

8  Aurig. 

11   8,5  [8] 

11  6,5 

0  2,0  south 

35  Camel. 

13  1,5  [8] 

11  6,5 

129,0 

Mani-.  25.  0  Urs.  Iff. 

0  15,0  [3]  cl.  ::  - 

11  8,0 

10  27,0 
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1729. 

Iter.  // 

Retr.  // 

Rev.  » 

Jan.  3.  r  Pere. 

9  21,2  [6]  flutt.  - 

8  33  6 

fl  91  R 

y  — 

5  4,1  [81 

*        L  J 

8  24  9 

S  on  o 

a  - — 

10  26,0  [4]  flutt.  m. 

8  30  0 

i  in  n 

l  -M  1,1  1 

Mane.  4.  y  Urs.  M. 

12  6,5  [6]  flutt  - 

o  io  t 
v  i»,o 

O  Oti  n 

14.  rPers. 

10  15,0  [8]  st.  - 

A  OO  r 

y  — 

6  21,7  [9]  v.  st.  - 

in  i  a. 

q  ift  w 

3  19,7 

a  — 

11  19,0  [9]  v.  st.  - 

o  oo  f: 

1  30.4 

8  — 

8  20,0  [8] 

a  on 

U  14,0 

•  Mane.  16.  •  Urs.  Maj. 

18  1,7  [10]  v.st. 

0  *0,7 

4  12,0 

13  6,7  [9]  st  - 

o    o  " 
M  o,7 

4  32,0 

1  ■ 

14  18,0  [10]  v.  st. 

O    III  L) 

5  X8,8 

19.  CapelU 

12  5,1  [11]  v.  st. 

«    o  t 
o  x,7 

4  2,4 

Mane.  20.  i  Urs.  Maj.  13   1,0  [9]  st.  . 

coon 

4  13,0 

?   

13  32,0  [10]  st.  - 

8  9o,X 

4  32,8 

Alcore 

7  18,6  [7] 

O  93,X 

1  14,7 

it  Urs.  Maj.  15  8,0  [10] 

ft  In  " 

y  i*,o 

5  29,5 

/S  Drac. 

4  10,7  [7]  cloudy 

8  4,7 

3  28,0 

Mamr.  21.  t  Urs.  Maj. 

15  12,0  [9] 

11  OS 
1 1  i/,o 

A  1 1  K 
•  11,0 

1   

16  13,5  : :  cloudy 

1 1  10,0 

4  31,0 

22   7,5  [10]  t.  st. 

lfi  19  a 
10  iz,o 

0  *8,  ( 

Mane.  22,  i   

20  28,2  [8] 

in  iR9 

lO  10,4 

4  1X,U 

?   

18  22,8  [8]  st.  - 

13  24  8 

Alcore 

12  9,5  [91 

13  24,8 

1  u  a 
1  l«J,t> 

I  Urs.  M. 

19  0,5  [10]  st.  - 

18  5,5 

conn 

(3  Cass. 

11    6,0  [8] 

13  16,0 

a  inn 

Mane.  25.  i  Urs.  M. 

18  30,8  [8] 

14  17,3 

*  U,t> 

?   

19  2,0  [9] 

14  3.5 

A.  IO  K 

Alcor. 

12  22,8  [7] 

14  3,5 

1  14.7 

,  Urs.  M. 

20  2,1  [9] 

14  6.4 

t>  Xif,  i 

|3  Drac. 

10  0,8  [7]  buy  - 

13  28,8 

o  547,5 

y  — 

16  24,7  [4]  v.  hazy,  too  faint  13  22,7 

a  oa 
it  x,0 

a  Cass. 

16  28,3  [10]  g. 

16  10,8 

0  17  5 

r  l'ers. 

16  19,5  [8] 

15  31,0 

0  22,5 

y  — 

12  12,3  [8] 

15  82,8 

3  20,5 

I  — 

8  0,5  [8] 

8  14,0 

0  18,5 

IS  3,5  [9]  st.  - 

9  1,5 

4  2,0 

Mane.  27.  t  Urs.  M. 

13  3,5  [8] 

8  25,0 

412,5 

;  

14  1,0  [8]  flutt.  . 

9  3,0 

4  32,0 

Alcor. 

7  22,5  [6] 

9  8,0 

1  14,5 

n  Urs.  M. 

14  5,3  [9] 

8  10,3 

5  29,0 

K  k 
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1729. 

f»CT « 

Rev.  // 

.Ian  38 

(3  Drac. 

3  32,5  f81 

7  25,0 

8  26,5 

7 

10  13,5  [81 

7  10,5 

8  3,0 

Feb  1. 

r  Perg. 

7  25.3  191  v.  c.  - 

7  1,5 

0  23,8 

7  22,4  [91  v.  ir.  - 

5  26,2 

1  30,2 

I   

5  2.7  roi 

5  16,7 

0  14,0 

Catiella 

9  4  7  [91 

6  3.7 

4  1.0 

K 

&  Drac. 

1  13.2  [91 

5  3,7 

3  24,5 

7 

7  26  5  [81 

4  21,2 

8  53 

a 
o. 

a   

P  — 

5  200 

3  24  5 

v  — 
i 

8  27  8  run 

8  22,3 

3  5,5 

Capella 

9  26  0  r 91  st. 

5  24,8 

4  1,2 

7. 

y  Drac. 

7  30.8  [81  flutt.  hard  frost 

4  25,7 

3  5,1 

Capella 

8  30.0  [91  v.  *t.  - 

4  28,2 

4  1,8 

IS. 

8  22,7  [9]  st. 

4  21,7 

4  1,0 

13. 

y  Drac. 

8  12,5  [4]  hazy  8t  cloudy 

5  6,0 

3  6,5 

> 

14. 

a  _ 

1   6.7  [81 

4  30,2 

3  28,5 

y   

7  28,0  [7]  flutt.  - 

4  21,0 

8  7,0 

Capella 

9  25,5  [91  st. 

5  23,8 

4  1,7 

15. 

9  23,2  [61  cl.  - 

5  22,5 

4  0,7 

n. 

/3  Drac. 

1  21,8  [81 

5  9,6 

3  21,8 

7  27,9  [8] 

4  19,9 

3  8,0 

24. 

Capella 

12  31,0  [6]  cL 

8  30,7 

4  0,3 

25. 

/3  Drac. 

5  13,6  [8] 

9  3,0 

3  23,4 

7  25.5  [61 

9  24,0 

1  82,5 

13  10  2  [61  flutt  - 

10  3,7 

8  6,5 

a  Ca&sinn. 

11   6,3  [8] 

10  16,0 

0  24,3 

y  Pers. 

6  14,5  [61  faint  - 

9  30,5 

3  16,0 

a  — 

11  9,0(8] 

9  9,0 

2  0,0 

S  — 

8  19.8  [61  faint  • 

8  32,0 

0  12^  north 

Capella 

14  16,6  [81  st. 

10  15,8 

4  1,3 

o  Aurig. 

11   3.6  [81 

11  8,3 

0   4.7  north 

35  Camel. 

11  25,3  [7] 

10  2,8 

1  22,5 

26. 

j3  Drac. 

7  15,3  [7] 

11  4,8 

3  23,5 

i  HerculU 

9  2.8  [8] 

11  0,6 

1  31,8 

y  Drac 

14  16,0  [8] 

11  9,5 

3  6,5 

|3  Cassiop. 

9  14,5  [6]  faint  - 

11  15,2 

2  0,7 

a  —  

12  13,7  [8] 

11  24,7 

0  28,0 

y  Pers. 

8  9,5  [6]  faint  - 

11  26,0 

216,5 

a  — 

13  30,7  [8] 

11  30,7 

2  0,0 

s  — 

11  11,0  [4]  v.  faint 

11  23,5 

012,5 
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1729. 

Rer.  // 

Rer.  m 

R«T.  « 

Capella 

14  25,0  [8] 

10  23,5 

4  1,5 

95  Camel. 

14  6,5  [8] 

12  17,5 

1  29,0 

46  Auriga 

12  17,7  [8] 

12  9,7 

0  8,0 

Feb.  27. 

6  Drac. 

9  13,4  [8] 

13  2,6 

3  28,2 

y  — 

16  11,5  [8] 

19  5,0 

3  6^> 

Capella 

.16  9,3  [8] 

12  8,0 

4  13 

28. 

___ 

17  25,2  [8]  at.  - 

13  23,2 

4  2,0 

S  Aung. 

13  21,7  [8] 

13  26,2 

0  43 

35  Camel. 

15  8,0  [7]  faint  - 

13  19,2 

1  22,8 

46  Aurig. 

13  24,7  [7] 

19  16,4 

0  8,9 

March  1. 

y  Drac. 

14  31,5  [8] 

1129,5 

9  8,0 

5. 

y  

15  10,3  [8] 

12  9,5 

9  6,8 

6. 

0   

7  26.9  [8] 

11  15,4 

3  22,5 

i  Here. 

9  1.2  [8] 

10  39,7 

1  82,5 

£  Drac. 

5  33,0  [6] 

9  5,0 

9  6,0 

y  — 

8  6.0  [8] 

4  823 

8  73 

9. 

Capella 

9  8,0  [8] 

5  63 

4  1,7 

8  Aurig. 

6  12,5  [6]  flutt.  - 

617,0 

0  4,5 

/3Urs.  Maj.   9  1,5  [7] 

12  7,2 

12  5,7 

15  18,0  [7]  flutt.  - 

19  0,7 

2  17,9 

i  ■ 

17  21,5  [6]  flutt.  m. 

19  16,8 

4  4,7 

10. 

Capella 

16  15,0  [8] 

12  19,0 

4  2,0 

17. 

0  Drac. 

7  16,0  [6] 

11  5,9 

8  28,8 

i  Her. 

9  1,5  [8] 

11  0,2 

1  82,7 

f  Drac. 

7  15,0  [6] 

10  21,2 

3  6,2 

y  — 

11  2,5  [8] 

7  29,8 

8  6,7 

3  Caw. 

5  26,0  [6]  faint  - 

7  21,5 

1  29,5 

a   

8  15,5  [7]  v.  windy 

7  20,0 

0  29,5 

Capella 

11  28,0  [6]  flutt  ext.  smoke  7  26,5 

4  13 

18. 

0  Drac. 

3  16,5  [6]  flutt.  - 

7  5,5 

8  23,0 

i  Here. 

5  7,5  [6]  flutt.  - 

7  73 

2  0,0 

£  Drac. 

4  30,0  [6]  flutt.  - 

8  0,7 

8  4,7 

y  — 

6  81,7  [6]  flutt.  - 

8  29,7 

3  8,0 

eca**. 

1  31,8  [6]  faint  - 

9  28,8 

1  90,5 

a  — 

6  83,0  [4] 

6  1,5 

0  31,5 

20. 

0  Drac. 

4  10,0  [8]  : 

8  0,5 

3  24,5 

•  Here. 

5  22,5  [3]  : 

7  25,0 

2  2,5 

£  Drac. 

5  5,0  [3] 

8  19,0 

3  8,0 

y  — 

7  15,3  [8] 

4  9,9 

8  6,0 

2*. 

0  - 

0  4,0  [6] 

9  29,5 

3  25,5 

Kk2 
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1729. 

Her.  '/ 

Rcr.  u 

March  25.  Capclla 

10  11,8  [9] 

6  8,8 

4  3,0 

April  4. 

e  Urs.  M. 

10  14,0  [6] 

615,5 

3  32,5 

?   

11  20,5  [8]  fluit.  - 

7  0,5 

4  20,0 

Alcorc 

5  8,5  [6] 

7  0,5 

1  26,0 

i,  Urs.  M. 

12  4,0  [4]  flutt.  m. 

6  20,0 

5  18,0 

5. 



12  7,7  [8]  st.  - 

8  8,7 

3  33,0 

?   

13  2,6  [8] 

818,1 

4  18,5 

Aleore 

6  23,0  [6]  flutt.  m. 

818,0 

1  29,0 

tl  Urs.  M. 

13  22,8  [8]  flutt.  - 

8  5,8 

5  17,0 

8. 

z  

12  30,0  [6]  flutt.  - 

8  11,0 

419,0 

1J  — — — 

13  31,0  [4]  : :  cloudy 

814,0 

5  17,0 

9. 

£  Cass. 

5  32,0  [8] 

7  23,0 

1  25,0 

a  — 

8  22,0  14]  cloudy 

7  23,0 

0  33,0 

12. 

?  Urs.  M. 

15  31,5  [8] 

11  13,3 

4  18,2 

Aleore 

9  17,7  [8] 

11  13,3 

1  29,6 

,  Urs.  M. 

16  19,3  [8J 

11  4,5 

5  14,8 

18. 

?   

14  12,0  [8] 

9  29.5 

4  16,5 

Aleore 

7  33,2  [8] 

9  29,5 

1  30,3 

,  Urs.  M. 

15  12,2  [8] 

9  31,0 

5  15,2 

16. 

y  — 

9  28,0  [7J  HutL  - 

7  17,7 

a  1  a  a 
X  10,3 

12  1,2  [8]  flutt.  - 

8  5,4 

3  29,8 

13  22,0  [8]  flutt.  - 

8  8,5 

5  13,5 

(S  Drae. 

4  1,0  [8]  flutt.  - 

7  30,0 

3  29,0 

»  Hercl. 

5  12,3  [7]  flutt.  - 

7  16,0 

«  3,7 

fDrac. 

6  27.3  [7]  flutt.  - 

10  3,0 

8  9,7 

y  — 

9  4,0  [8]  flutt.  - 

6  0,5 

3  8,5 

18. 

Capella 

10  7,7  [8] 

6  0,7 

4  7,0 

April  21,  I  set  out  for  Oxford.    May  10th,  I  returned  to  Wai 

May  11. 

|3  Urs.  M. 

0  12,0  [9]  st.  - 

11  29,0 

11  17,0 

r  — 

14  12,2  [8]  st.  - 

12  7,2 

2  5,0 

16  3,5  [8] 

12  15,0 

3  22,5 

?  — 

15  28,7  [6]  flutt.  - 

11  18,8 

4  9.9 

Aleore 

9  16,7  [6] 

11  18,8 

2  2,1 

,  Urs.  M. 

17  13,0  [8]  flutl.  - 

12  4.2 

5  8,8 

13. 

18  11.3  [9] 

16  6,5 

2  4,8 

14. 

Capella 

20  3,5  [8] 

15  27,5 

4  10.0 

17. 

5  Urs.  M. 

19  28,5  [6]  flutt.  - 

15  20,7 

4  7,8 

Alcorc 

13  16,2  [6]  flutt.  - 

15  20,7 

2  4,5 

26. 

Capclla 

13  31,7  [7]  flutt.  - 

919,3 

4  12,4 
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Rct.  0 

ACT.  // 

May  29. 

B  Drac. 

6  15,5  [81 

10  23,2 

4  7,7 

y  — 

IS  17,5  [7]  flutt.  m. 

10  27,2 

2  24,3 

30. 

(3  Urs.  M. 

0  19,3  [6]  v.  faint 

12  2.3 

11  17,0 

y   

13  33,2  [8]  st.  . 

11  28,7 

2  4,5 

•   

16  28,5  [8] 

13  7,3 

3  21,2 

16  16,0  [81 

12  10,0 

4  6.0 

A  Icon1 

10  3,0  [5]  faint  - 

12  10,0 

2  7,0 

l  — 

16  22,2  [8] 

11  18,7 

5  8.5 
> 

31. 

Capella 

10  25,0  F61  flutt.  m. 

6  12,0 

4  13,0 

3  lira.  M. 

0  15,0  v.  faint  - 

11  32,0 

11  17,0 

16  11,3  [8] 

11  7,8 

5  3,5 

3  Drac. 

6  19,6  [81 

10  26,3 

4  6.7 

v  — 

13  1.5  TCI  flutt.  m. 

10  11,0 

2  23,5 

Juno  2. 

3  — 

5  5,8  [6]  flutt. 

9  12,4 

4  6,6 

v  — 

t 

12  14,3  [6]  flutt.  m. 

9  25,8 

2  23,0 

3. 

3  Cassiop 

8  16,5  f81 

10  7.0 

1  24.5 

11   1.2  T91 

9  33,5 

1  17 

13  9.7  f61  clear,  windv 

8  31,0 

4  12  7 

4. 

#  Cass. 

6  27.5  f81 

8  17  0 

1  23,5 

a  — 

11   2.7  ["81 

10  0  0 

1   2  7 

CaDella 

14  83.7  T41  v.  cl.  haz. 

10  20,5 

4  13,2 

3  Urs.  M. 

0  16,7  f81 

>  *  I  J 

11  31  7 

11  15,0 

IS  28,5  [8] 

11  23,0 

2  5,5 

#   

14  24,5  [8j  v.  st. 

11  3,2 

3  21,2 

15  11,2  [8]  v.  haz. 

11  4,7 

4  6,5 

15  33,5  [10] 

10  29,8 

5  8,7 

5. 

£  Cass. 

9  4,0  [81 

10  27,4 

1  23,4 

at  — - 

12  19,5  [9]  windv 

11  17,0 

1  2,5 

A  Drac. 

7  25,5  [81  st. 

12  1,0 

4  9,5 

i  Here. 

9  3.3  [81 

11  21,8 

2  18,5 

P  Drnc 

8  2.0  161 

11  27,3 

8  25,3 

y  — 

10  4,5  [8] 

717,0 

2  21,5 

ti. 

ftCaw. 

7  3,7  [8] 

8  26,7 

1  23,0 

a  — 

9  16,6  [8] 

815,0 

1  1,6 

Capella 

18  1,8  [8] 

8  22,3 

413,5 

y  Urs.  M. 

10  30,7  [8] 

8  25,2 

2  5,5 

16  16,2  [8] 

11  12,4 

5  3,8 

y  Drac. 

13  24,3  [8]  flutt.  m. 

11  2,1 

9  99  9 

7. 

3  Caw. 

10  6,0  [8] 

11  29,7 

1  23,7 

at  — i 

10  30,7  [8] 

9  28,2 

1  2,5 
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1729. 

Rev. 

Re».  // 

Rcr.  „ 

Capella 

14  5,0  [3]  cloudy 

9  25,0 

4  14,0 

y  Urs.  M. 

17  5,0  [6]  faint  - 

15  0,0 

2  5,0 

-   

20  25,7  [8] 

17  4,0 

3  21,7 

5 

19  15,2  [8] 

15  9,7 

4  5,5 

n  — 

19  28,5  [101  g.  - 

14  25,2 

5  3,3 

0  Drac. 

7  16,2  [8] 

11  25,4 

4  9,2 

i  Here. 

8  30,5  [8]  flutt.  - 

11  17,0 

2  20,5 

£  Drac. 

25  8,5  [7] 

28  33,5 

3  25,0 

y   

24  3,7  [8] 

21  16,7 

2  21,0 

June  8. 

0  Cass. 

12  10,0  [6]  faint  - 

13  33,0 

1  23,0 

at  — 

7  8,2  [7]  faint  - 

6  5,2 

1  3,0 

Q 

y  Drac. 

8  25,0  T81 

6  3,0 

2  22,0 

10. 

0  Urs.  M. 

0  21,0  [3]  too  faint 

12  1,0 

11  14,0 

y 

14  25,5  [6]  faint  • 

12  20,2 

2  5,3 

11. 

3  Cass. 

12  25,5  [8] 

14  16,5 

1  25,0 

a  — 

15  16,5  [8] 

1415,0 

1  1J5 

18. 

i  Urs.  M. 

8  11,2  [10] 

4  25,4 

3  19,8 

20. 

Capella 

11  19,0  [8]  flutt.  - 

7  4,5 

4  14,5 

y  Drac. 

9  15,8  [8]  st. 

6  33,8 

2  16,0 

23. 

a  Pen. 

6  11,5  [8] 

3  31.3 

2  14,2 

Capella 

6  9,3  [8] 

1  29.1 

4  14,2 

0  Urs.  M. 

0  19,5  [6]  v.  faint 

11  32,8 

11  13,3 

7 

14  14/,  [6]  v.  faint 

12  8,0 

2  6,5 

*   

15  31,5  T61  hazy  - 

12  11,5 

3  20,0 

15  19,5  f81 

11  15,5 

4  4,0 

* 

16  20,7  [9] 

11  19,2 

5  1,5 

24. 

(3  Cass. 

10  6,7  [8] 

11  32,2 

1  25,5 

ot  — 

IS  26,0  [8] 

12  27,0 

0  33,0 

a  Pers. 

12  16,5  [8] 

10  3,0 

2  18,5 

Capella 

14  17,8  [9] 

10  3,8 

4  14,0 

y  Drac. 

12  3,3  [9]  flutt.  - 

9  20,8 

216,5 

25. 

?  Urs.  M. 

13  11,3  [8] 

9  7,0 

4  4,3 

14  19,5  [81 

917,0 

5  %5 

26. 

Capella 

15  17,0  [8] 

11  2,0 

4  15,0 

?  Urs.  If. 

16  17,5  Dr.HocdlryobtrrrcdtUs  12  11,5 

4  6,0 

27. 

y  Pew. 

7  2,0  v.  dub.  - 

10  2,0 

3  0,0 

a  — 

9  20,0  [8] 

7  6,3 

2  13,7 

2a 

.  Urs.  It 

10  4,5  [6]  cl.  - 

617,0 

3  21,5 

29. 

y  Pcrs. 

7  9,5  v.  dub.  - 

10  11,0 

3  1,5 

a  — 

9  30,0  [8] 

715,0 

215,0 
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Rcr.  t» 

Rcr.  // 

1729.    q.  Capella 

12  82,5  [8] 

7  20,0 

5  12,5 

?U«.  M. 

12  12,5  [8] 

8  8,2 

4  4,3 

i   

12  81,0  [6]  ha/..  - 

7  30,5 

5  0^ 

June  30. 

y  Per*. 

5  29,0  [4]  faint  - 

8  29,0 

3  0,0 

a  — 

12  7,7  [81 

9  28,0 

2  13.7 

Capella 

14  10,0  [8] 

9  28,0 

4  16,0 

y  Urs.  M. 

18  21,0  [6]  faint  - 

11  14,3 

2  6.7 

•    — — 

15  18,7  [10] 

11  33,2 

8  19,5 

?   

17  8,7  [10] 

13  4,0 

4  4,7 

1   

17  31,0  [12] 

12  29,3 

5  1,7 

er.  /3  Draco n. 

7  80,8  [8] 

12  10,4 

4  13,6 

i  Hercul. 

9  2,5  [81 

11  32,0 

2  29,5 

£  Drac. 

7  25,0  [7] 

11  22,0 

8  31,0 

July  1. 

a  Pcrs. 

12  12,8  [8] 

9  32,8 

2  14,0 

Capella 

15  17,0  [8]  cl.  - 

11  2,0 

4  15,0 

/3  Drac 

29  17,8  [8] 

3  83,3 

416,0 

y  — 

6  15,5  [6]  flutt.  - 

4  2,0 

2  13,5 

4. 

<  Urs.  M. 

7  19,3  [8] 

4  0,0 

3  19,3 

;  — 

8  9,8  [6] 

4  5,3 

4  4,0 

5. 

«  — 

17  19,7  [8] 

13  33,7 

3  20,0 

?  — 

17  7.5  [10]lcouW^rlhe 

""""IS  3,5 

4  4,0 

18  18,0  [10] 

13  16,0 

5  2,0 

10. 

0  Drac. 

8  14,7  [8] 

13  0,3 

4  19,6 

i  Here. 

9  16,0  [6] 

12  11,0 

2  29,0 

£  Drac. 

8  7,5  [8] 

12  10,7 

4  3,2 

y  — 

10  0,5  [9] 

7  23,5 

2  11,0 

12. 

y  Pars. 

3  8,0  [6]  ha*.  - 

710,5 

4  2,5 

a  — 

9  7,8  [8] 

6  28,6 

2  13,2 

8  — 

6  20,0  : :  v.  faint 

619,5 

0  0,5 

Capella 

10  27,5  [10] 

6  10,0 

4  17,5 

14. 

10  83,3  [8] 

6  15^ 

4  17,5 

18. 

i  Urs.  Maj. 

.   9  32,0  [6]  flutt.  ha*. 

610,0 

3  22,0 

9  24,5  [6]  haz.  - 

5  19/) 

4  5,5 

21. 

Capella 

14  14,0  [8] 

9  81.3 

4  16,7 

t  Urs.  M. 

14  5,2  [8] 

10  16,2 

3  23,0 

?   

14  21.0  [6]  cl.  - 

10  15,0 

4  6,0 

14  33,0  [6]  cl.  - 

9  30,7 

5  2,3 

27. 

0  Drac. 

5  25,2  [8]  st. 

10  14,4 

4  23,2 

>  Here. 

6  82,5  [8] 

9  29^ 

2  3M 

tDrac. 

5  7,7  [8] 

915,0 

4  7^ 
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1729. 

y  Drac. 

6  1,5  [8] 

8  28,i 

2  o,8 

July  28. 

|3  — 

0  16,0  [6] 

5  5,0 

4  23,0 

i  Here. 

•• 

2   8,5  |H] 

5  o,0 

2  iil,5 

i  Drac. 

a  xo,U  |0J 

1  o2,>> 

X  UK 

y  — 

5  24,5  [7]  flutt.  - 

3  1 1,5 

2  7,0 

29. 

(J  — 

2  14,2|8J 

*t  AO 

7  4,8 

A  OA  A 

4  X4,t) 

*  * 

i  Here. 

i  iy,7 

o  qq  k 
X  oX.li 

£  Drae. 

4  0,0  [5J 

o  o,o 

i.  ml  k 

y  — 

5  21,7  [8] 

3  14,2 

o    -  ~ 
2  t,5 

30. 

P  — 

2  7,8  [8] 

o  31,8 

4    Ui  A 

4  24,0 

i  Here. 

4  29,0  [8] 

ay  am  ** 

7  27,5 

2  32,5 

Aug.  5. 

|3  Drac. 

2  2,6  [8]  twilight 

6  26,3 

4  23,7 

■  Here. 

5  5,5  [8] 

8  5,5 

3  0,0 

£  Drae. 

6  13,5  [8] 

10  21,8 

A       O  Q 

4  8,5 

y  — 

9  25,7  [8]  st.  - 

»V  "1  A  A 

7  18,2 

2  7,5 

6. 

0  — 

12  30,5  [8] 

17  21,0 

4  24,5 

i  Here. 

15  4,2  [8] 

18  4,7 

3  0,5 

£  Drac. 

13  27,5  [4] 

18  3,0 

4  9,5 

y  — 

16  17,0  [8] 

14  13,o 

x  3,5 

7. 

7  Persei 

20  11,8  [7] 

23  18,8 

3  7,0 

a 

16  23,7  [7] 

lilt" 

14  15,7 

O  OA 
X  0,0 

Capella 

14  27,5  [8] 

10  11,0 

4  16,5 

10. 

|9  Drac. 

5  10,0  [6]  el. 

1  A        f>  A 

10  3,0 

4  27,0 

i  Here. 

7  19,0  [6] 

10  18,2 

l>  o 

£  Drae. 

5  25,0  [4]  el. 

1  A        1  A 

10  1,0 

4  10,0 

y  — 

6  17,5  [8] 

4  14,0 

X  3,5 

11. 

Capella 

8  24,0  [8] 

A       A  11 

A  1  A  O 

4  14,0 

12. 

0  Drac. 

2  12,5  [o] 

•Y    a  e 
7  o,o 

A  OK  A 

•  Hercul- 

<    i  n  »    Til       1  J 

4  18,5  [4]  clouds 

7  20,0 

<1     1  c 

o  1,5 

y  Drac. 

13  6,3  [8]  flutt.  - 

11  2,3 

O     A  A 
X  9,11 

13. 

Capella 

t  M    I  A  A    fill  1 

15  19,0  [3]  el. 

11  4,0 

•*  14,0 

|S  Drac. 

a   1  A  f  Hi 

13  26  8 

4  25,8 

i  Here. 

11  0,5  [8] 

14  1,0 

3  0^ 

* 

£  Drac. 

10  01,0  [8] 

14  11,0 

4  10,0 

y  — 

11  81,5  [8] 

9  27,3 

2  4,2 

Man*.  15.  t  Per*. 

11  17,7  [8]  st.  - 

10  16,2 

1  1^ 

y  — 

7  18,2  [8] 

10  19,7 

3  6,5 

a  —■ 

12  30,2  [9] 

10  21,4 

2  8,8 

8  — 

10  22,7  [8] 

10  25,4 

0  2,7  north 

17. 

(3  Drac. 

6  81,5  [10]  el.  - 

11  23,5 

4  26,0 
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Rcr.  // 

Rcr.  11 

Rcr.  // 

i  Here. 

7  30,8  [9] 

10  30,8 

8  0,0 

£  Drac. 

7  24,0  [6] 

11  1,8 

4  11,8 

7  — 

7  24,2  [8] 

5  20,2 

2  4J) 

t  Pers. 

6  31,0  : :  flutt.  ext. 

5  29,0 

1  2,0 

r  — 

2  12,5  : :  flutt.  ext. 

5  14,5 

3  2,0 

The  stars  fluttered  so  much  this  morning  (the  weather  being  foggy)  that 
I  could  not  bisect  them  with  any  certainty. 


Capellu 

9  23,5  : :  flutt.  ext. 

5  12,0 

411,5 

i  Here. 

3  14,3  [8] 

615,0 

3  0,7 

£  Drac. 

S  5,7  [8] 

6  16,0 

4  10,3 

r  — 

3  10,7  [8] 

1  8,0 

S  2,7 

Man*.  20. 

t  Peris. 

3  31,0  [6]  flutt.  - 

2  31,0 

1  0,0 

7  — 

2  27,5  [4]  flutt.  m. 

5  32,0 

3  4,5 

■  — 

10  6,0  [6]  flutt.  ni. 

8  1,0 

2  5,0 

Capclla 

12  12,0  [8]  flutt 

7  30,0 

4  16,0 

81. 

t  Pers. 

10  r,,r,  [8] 

9  3,5 

1  2,0 

y  — 

6  25,0  [8]  flutt.  - 

9  31,0 

8  6,0 

a  — 

11  31,5  [li]  flutt.  - 

9  23,5 

2  8,0 

•  Urs.  Maj. 

13  0,0  [6]  faint 

9  12,0 

3  28,0 

22. 

Capella 

15  13,8  [8]  M.  - 

10  33,3 

4  14,5 

23. 

/3  Drac. 

6  9,01 

11  0,7 

4  25,7 

r  — 

10  3"  ~  I  "r  "OIM"l'y  ob!wn'1''1. 

10  31,2 

2  1,0 

24. 

Capella 

15  22,3  [8] 

11  6,0 

4  16,3 

25. 

&  Drac. 

4   1,2  [7]  ha/y  - 

8  27,9 

4  26,7 

7  — 

10  20,5  [8]  st.  - 

8  18,0 

2  2,5 

28. 

P  — 

3   8,7  [8]  st.  - 

8  1,5 

4  26,8 

i  Here. 

4  18,0  [8]  st.  - 

7  18,5 

3  0,5 

£  Drac. 

3  10,8  [8] 

7  23,3 

4  12,5 

7  — 

4  18,3  [9] 

2  16,3 

2  2,0 

29. 

- 

2  22,5  [11]  v.  g. 

7  15,0 

4  26,5 

■  Here. 

5  19,5[H| 

8  18,2 

2  32,7 

£  Drac. 

3  96,0  [6] 

8  5,0 

4  13,0 

7  ~ 

5   1,8  [8] 

2  33,6 

2  2  2 

30.    This  morning  as  I  was  moving  the  telescope  to  set  it  for  Capella. 
the  wire  broke  just  at  the  notch  at  top;  I  afterwards  fixed  on  the  same  wire 
again,  it  being  long  enough  without  piecing.    I  had  used  this  wire  almost 
twelve  months  without  breaking,  for  it  was  put  on  Sept.  10,  1728. 
dDrac.         5  31,5  [8]         -  11   0.0        5  2,5 

c   —  15  6,5  16]         -  12  14,3        2  26,2 

Ll 
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Rtr.  ,i 

"Cygni 

13  9,0  [6] 

12  29,5 

0  13,5 

i  — 

8  14,5  [8] 

11  25,0 

3  10,5 

Aug.  31. 

Capella 

14  1,0  [8] 

9  21,5 

4  13,5 

£  Drac. 

5  31,0  [6] 

10  7,2 

4  10,2 

y  — 

7  3,2  [8]  at.  - 

5  0,7 

2  2,5 

c  — 

7  29,5  [8] 

5  3,5 

2  26,0 

K  Cygni 

5  19,2  [8] 

5  4,7 

0  14,5 

i  — 

1  18,0  [6]  flutt.  - 

4  27,5 

8  9,5 

Sept.  1. 

Capella 

9  14,3  [8] 

5  2,8 

4  11,5 

2. 

9  18,5  [6]  cl.  - 

5  5,8 

4  13,2 

0  Drac. 

3  21,7  [8] 

8  14,0 

4  26,3 

y  — 

7  5,7  [6]  clouds 

5  3,2 

2  2,5 

3. 

Capella 

9  7,0  [6]  clouds 

4  28,5 

412,5 

8. 

— 

li  Drac. 

29  33.5  [8]  ha«y  - 

4  25,8 

4  25,8 

y  — 

7  12,5  [8]  st.  - 

5  10,3 

2  2,2 

9. 

Capella 

9  31,0  [8]  st.  E.  w.  strong 

5  17,3 

4  13,7 

/3  Drac. 

5  13,7  [8]  v.  windy 

10  6,4 

4  26,7 

y  — 

12  13,2  [9] 

10  11,0 

2  2,2 

10. 

,  Urs.  If. 

18  31,3  [8] 

13  20,3 

5  11,0 

13. 

/3  Drac. 

3  1,7  [8] 

7  29,0 

4  27,3 

y  — 

10  18,0  [8] 

8  16,4 

2  1,6 

18. 

y  — 

10  21,5  [8] 

8  19,7 

2  1,8 

19. 

Capella 

13  10,5  [8]  st.  - 

8  31,5 

4  13,0 

18  Camel. 

8  11,7  [8] 

918,7 

1  7,0 

8  Aurig. 

9  33,0  [8]  flutt.  - 

913,0 

0  20,0 

35  Camel. 

11  30,5  [7]  too  faint 

9  21,0 

2  9,5 

20. 

8  Aurig. 

11  27,8  [8]  st.  - 

11  10,8 

0  17,0 

35  Camel. 

13  4,6  [8] 

10  30,6 

ft  8,0 

22. 

,  Ure.  Maj.  23  19,5  [6]  v.  windy 

18  04,2 

5  15,3 

24. 

8  Aurig. 

16  27,5  [8]  cl.  - 

16  11,0 

0  16,5 

85  Camel. 

15  20,0  [4]  cl.  - 

18  12,7 

2  7,8 

26. 

(3  Drac. 

7  29,7  [9] 

12  20,4 

4  24,7 

y  — 

10  12,0  [10]  v.  si. 

8  9,5 

2  2,5 

27. 

a  Cass. 

7  6,5  [8]  st.  - 

7  1,0 

0  5,5 

29. 

Capella 

10  21,7  [7]  flutt.  foggy 

6  14,0 

4  7,7 

18  Camel. 

5  11,2  [6] 

617,2 

1  6,0 

8  Aurig. 

6  80,0  [6]  flutt.  - 

6  11,0 

0  19,0 

35  Camel. 

8  9,0  [7] 

6  1,0 

2  8,0 

Ociob.  4. 

0  Drac. 

0  17,7  18] 

5  8,5 

4  24,8 

y  — 

6  9,5  [8] 

4  6,0 

2  8,5 
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1729. 

Her.  // 

Rev*  " 

Rev*.  a 

Oct.  7. 

t,  Urs.  Maj.  11  1,5  [8] 

5  15,3 

5  20.2 

0  Drac. 

1  12,5  [8] 

6  2,5 

4  24,0 

y  — 

7  9,8  [8]  v.  st.  - 

5  6,5 

2  3,3 

8. 

Capella 

9  29.5  [8]  st.  - 

5  19,0 

4  10,5 

18  Camel. 

5  7,5  {8] 

616,0 

1  8,5 

8  Aurig. 

7  15,6  [8] 

7  0,5 

015,0 

35  Camel. 

8  82.5  [8] 

6  26,0 

2  6,5 

10. 

fi  Drac 

0  29,0  [8] 

518,0 

4  28,0 

J9  Cassiop. 

2  30,2  [8] 

2  26,0 

19. 

.  Urs.  Maj. 

9  28,0  [8] 

5  17,0 

4  11,0 

;   

9  30.5  [8] 

5  3,5 

4  27,0 

1  

11  25,8  [9] 

6  4,0 

5  21,3 

14. 

•   

11   4,0  [8] 

6  26,2 

4  11,8 

■   

15  4,0  [9] 

9  15,5 

5  22,5 

0  Drac. 

4  2,5  [8] 

8  25,5 

4  28,0 

3  Cass. 

6  80.7  [7]  flutt.  . 

9  23,7 

2  27,0 

a  — 

9  28,5  [6]  flutt.  m. 

9  24,5 

0  1,0  north 

15. 

- 

7  2,7  [8] 

9  81,7 

2  29,0 

a  — 

10  13,0  [7] 

10  14,0 

0  1,0  north 

17. 

0  - 

7  8.0  [9]  st.  - 

10  3,8 

2  29,8 

a  — 

9  83,5  [8] 

10  0,2 

0  00,7  north 

18. 

0  Drac. 

5  20,5  [8J 

10  8,5 

4  22,0 

y  — 

12  7,0  [8] 

10  2,0 

2  6,0 

20. 

Capella 

14  1,0  [8]  st.  . 

9  25,0 

410,0 

24. 

•  Urt.  Maj.  14  17,2  [8] 

10  1,2 

416,0 

13  1,5  [6]  cl.  - 

710,0 

5  25,5 

y  Drac. 

9  16.5  [9] 

7  9,5 

2  7,0 

Oct.  27th,  I  went  to  Oxford,  and  return 

ed  to  Wans  ted,  Not.  11. 

iNov.21. 

y  Drac. 

13  10,2  [6] 

10  29,7 

214,5 

23. 

0  Cassiop. 

7  31,8  [8]  st.  - 

11  0,8 

3  2,5 

a  

10  6,5  [4]  d.  - 

10  15,5 

0  9,0 

25. 

Capella 

15  6,5  [8]  st.  - 

11  0,0 

4  6,5 

26. 

0  Drac. 

6  80,0  [8] 

11  5,5 

4  9,5 

y  — 

13  23,0  [4]  haz.  faint 

11  7,0 

216,0 

28. 

y  — 

10  14,5  [10]  rery  bright.  w\nA,    ^  31,5 

2  17,0 

0Cass. 

5  0,5  [8]  v.  st.  - 

8  3,7 

3  8,2 

X  — 

11   3.7  [8] 

8  27,0 

210,7 

a  — 

10  2,5  [9]  t.  st.  - 

10  10,7 

0  8,2 

t  Pert. 

10  10,2  [7]  st.  - 

10  0,2 

0  10,0 

y  — 

6  7.0  [8]  st.  - 

10  4,0 

8  81,0 

Ll2 
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1729. 

R<T.  II 

R*T.  // 

Her.  „ 

a  Pers. 

12  6,5  [9]  st.  - 

1018,5 

1  22,0 

Nov.  30. 

y  Drnc.  * 

10  22,7  [10]  v.  bright 

8  5,4 

2  17,3 

Dec.  2. 

X  Cass. 

10  14.0  [8]  st.  - 

8   3,5  q. 

2  10,5 

St   

9  29,7  18] 

10  5,0 

0  9,3 

r  Pers. 

8  13,7  [8] 

8  4,5 

0  9,2 

7  — 

3  33,5  [8] 

7  32,0 

3  32,5 

a  — 

9  27,0  [8]  st.  - 

8  6,0 

1  21,0 

Capclla 

r 

12  0,7  [8]  st.  - 

7  30,5 

4  4,2 

S. 

0  Drac. 

3  7,8  [81 

7  16,3 

4  8,5 

v  — 

9  20,7  [81 

7  2,7 

2  18,0 

/3  Cass. 

4  12,5  [8] 

7  15,5 

3  03,0 

X  — 

9  18,5  [4]  hazy  - 

7  10,3 

2  8,2 

«  — 

10  22,7  [8]  st.  - 

10  32,2 

0  9,5 

$  Androra. 

5  28,0  [6] 

11  3,0 

5  9,0 

t  Pers. 

11  21,0  [4]  haz.  - 

11  12,3 

0  8,7 

7  — 

7  3,5  [6] 

11  2,0 

3  32,5 

a  — 

11   9,5  [3]  cl.  - 

9  23,5 

1  20,0 

5. 

X  Cass. 

12  25,0  [7]  st.  - 

12  13,5 

0  11,5 

a  — 

12  4,5  [9]  v.  g.  . 

12  13,0 

0  8,5 

& 

0  Drac. 

8  30,5  [3]  haz.  faint 

13  4,0 

4  7,5 

r  — 

15  18,2  [8]  windy 

12  82,7 

2  19,5 

10. 

y  — 

12  23,5  [8] 

10  3,0 

2  20,5 

0  Cass. 

7  29,5  [8]  st.  - 

10  33,0 

3  3,5 

X  — 

13  28,5  [8] 

11  18,0 

2  10,5 

a  — 

11  15,5  [8]  st.  - 

11  26,3 

0  10,8 

f  Androm. 

6  8.0  [8] 

11  18,0 

5  10,0 

t  Pers.  * 

8  29,0  [8] 

3  20,0 

0  9,0 

error. 

7  — 

13  6,0  [8] 

8  8,8 

4  31,7 

a  — 

9  16,0  [8] 

7  31,3 

1  18,7 

8  — 

7  22,5  [8] 

8  11,8 

0  23,3 

Capclla 

11   0,5  [8]  v.  st.  - 

6  31,8 

4  2,7 

18  Camel. 

6  0,5  [6] 

7  20,0 

1  19,5 

8  Aurig. 

8  19,5  [8] 

8  14,0 

0  5,5 

35  Camel. 

9  33,5  [91 

8  1,3 

1  32,2 

46  Aurig. 

8  8,7  [9] 

7  23,0 

0  19,7 

11. 

0  Cass. 

4  3,3  [8] 

7  8,0 

3  4,7 

x  — 

10  29,3  [8] 

819,0 

2  10,3 

a  — 

10  29,5  [7] 

11  5,5 

010,0 

£  Andr. 

5  29,5  [7] 

11  6,3 

5  10,8 

15. 

y  Drac. 

9  27,5  [7] 

7  5.0 

I  went  to  Oxford  in  December. 
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1  7'M) 

Rev.  « 

Rc*.  // 

.Ian  31 

■'•III     </l  • 

t  Pers. 

8  32.7  [81 

8  24,7 

0  8,0 

7  — 

5  6  7  [81 

Q  79 

V  lj* 

4  flii 

a   

10  13,5  [8] 

8  30,0 

1  17,5 

8   

7  31.0  [41  cl. 

8  21,8 

0  24,8 

Capella 

12  19,0  181 

8  19,7 

3  33,3 

Feb.  21. 

12  10,0  [7]  »t. 

8  12,5 

3  31,5 

24 

12  13  8  [81 

8  15,8 

3  32,0 

.Mar.  8. 

12  11,7  [8]  v.  st.  - 

8  13,5 

3  32,2 

$  Aurig. 

9  27.0  [81 

9  80,5 

0  3,5 

85  Camel. 

11  26,7  [9] 

10  2,3 

1  24,4 

10 

IV. 

8  7  8  [81 

11  29,6 

3  21,8 

i  Ilrrciil 

9  31.6  [81 

11  29,5 

1  82,0 

t  Drar 

8  17.0  [71 

11  25,5 

8  8,5 

y 

10  17.6  [81 

7  12,3 

8  5,3 

16. 

0  - 

3  14,0  [2] 

7  3.0 

3  23,0 

i  Hercul. 

4  27,8  [4] 

6  25,5 

1  31,7 

£  Drac. 

4  2,8  (3]  cl.  - 

711,3 

3  8,5 

7  — 

7  22,5  [61  cl.  - 

4  16,5 

3  6,0 

18. 

0  - 

5  14,5  [8] 

9  2,7 

3  22,2 

•  Hercul. 

7  15,8  [8] 

914,8 

1  33,0 

£  Drac. 

5  18,0  [8] 

8  27,0 

3  9,0 

7  — 

8  13,5  [8] 

5  8,3 

3  5,2 

April  3d,  I  set  out  for  Oxford.  Returned  May  23d. 

May  25. 

Capella 

11   7,5  [9] 

7  1,2 

4  6,3 

26. 

0  Urs.  M. 

1   7,0  [4]  faint  cloud : 

12  1,5 

10  28,5 

27. 

CapeUa 

17  0,5  [8] 

12  25,8 

4  8,7 

June  6. 

17  3,0  [6]  flutt.  - 

12  27,0 

4  10,0 

/3  Drac. 

8  15,0  [8] 

12  24,5 

4  9,5 

i  Hercul. 

10  12,0  [8] 

12  30,0 

2  18.0 

£  Drac. 

9  15,0  [7] 

IS  9,5 

3  28,5 

7  — 

11   4,5  [7]  flutt.  - 

8  18,8 

2  19,7 

7. 

0  Cassiop. 

6  5,2  [7] 

8  16,7 

2  11,5 

a  — — 

8  9,5  [8] 

7  29,5 

0  14,0 

0  Drac. 

3  24,0  [8]  st.  - 

7  33,0 

4  9,0 

•  Here. 

6  3,0  [8] 

8  20,2 

2  17,2 

£  Drac. 

5  19,5  [8] 

913,5 

3  28,0 

7  — 

7  21,5  [8] 

5  2,0 

2  19,5 

11. 

/SCas.. 

4  7,0  [7] 

619,0 

2  12,0 

a  — 

7  3,8  [8] 

'  6  23,8 

0  14,0 

17. 

«  Urs.  M. 

12  2,0  [5]  cl.  - 

7  29,0 

4  7,0 

I 
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1730. 

Her.  // 

Rev.  a 

Rot.  u 

J  line  19. 

fi  Cm 

11   8,5  [8] 

13  20,0 

211,5 

a  — 

10  17,0  [8] 

10  8,7 

018,3 

Capclla 

12  80,0  [8] 

8  18,0 

412,0 

21. 

y  Urs.  Maj.  12  24,5  [7] 

9  81,0 

2  27,5 

July  14. 

Capella 

13  0,7  [8] 

8  21,4 

4  13,8 

15 

a  Pen. 

9  25,2  [8] 

7  24,7 

2  0,5 

7  24,5  [7]  faint  - 

8  0,0 

0  9,5 

CapelU 

12  7,5  [8] 

7  29,0 

4  12,5 

17. 

8  Pers. 

5  10,0  [81 

5  21,0 

0  11,0 

Capella 

7  5,5  [9] 

2  25,8 

4  14,2 

?  Urs.  Maj. 

11   8,0  [5]  hazy  - 

6  10,0 

4  27,0 

1   

11  6,0  [8]  hazy  • 

5  18,3 

5  21,7 

19. 

1   

11  5,3  [11] 

5  17,6 

6  21,7 

24. 

e   

12  5,5  [8] 

7  28,5 

4  11,0 

12  13,5  [6]  haz.  - 

7  20,0 

4  27,5 

1   

18  27,0  [8] 

8  6,0 

5  21,0 

25. 

Capella 

8  17.2  [8] 

4  4,2 

4  13,0 

Aucf  5. 

8  19,8  [8] 

4  6,8 

413,0 

?  Ure.  Maj. 

9  3.5  [8] 

4  8,5 

4  29,0 

1   

10  1,5(8] 

412,3 

5  23,2 

6. 

Capella 

8  25,3  [8] 

4  12,8 

4  12,5 

9. 

8  28,5  [7]  haz.  - 

411,0 

412,5 

12. 

9  24,5  [6]  too  bright 

5  13,0 

4  11,5 

q  Urs.  Maj.  12  5,0  [8] 

614,0 

5  25,0 

18. 

Capella 

7  18,5  [10]  small  aper. 

3  5,5 

4  13,0 

16. 

12  8,0  [9] 

7  30,0 

412,0 

17. 

y  Drac. 

9  1,0  [7] 

6  83,0 

2  2,0 

18. 

Capclla 

10  25,5  17]  flutt.  - 

614,5 

4  11,0 

•  Urs.  M. 

11  23,5  [6]  flutt.  m. 

7  7,5 

4  16,0 

14  10,0  [7]  flutt.  m. 

818,0 

5  26,0 

/3  Drac. 

12  7,5  [6] 

16  32,0 

4  24,5 

i  Hereul. 

14  18^5  [8] 

17  18,5 

8  0,0 

£  Drac. 

4  6,0  [6] 

8  17,0 

4  11,0 

7  — 

6  0,5  [8] 

3  32,2 

2  2,3 

20. 

Capella 

8  19,2  [8] 

4  8,7 

4  10,5 

23. 

i  Urs.  Maj. 

9  81,7  [8] 

5  15,7 

416,0 

10  12,5  [6]  v.  faint 

515,0 

4  81,5 

6  Drac. 

4  32,6  [8] 

9  23,5 

4  25,0 

i  Hereul. 

6  27,0  [8] 

9  27,5 

8  0,5 

f  Drac. 

5  10,5  [8] 

9  24,2 

418,7 

ZENITH  OBSERVATIONS  AT  WANSTED.  26s 

1730.  Rer.  ii  Rer.  //  Ret.  « 

yDrac.        8  20.5  [8]         -  6 19,5        2  1,0 

Aug.  24.    Capclla         6  15  7  [7]  flutt.  -  2  4,4        4 11,3 

This  day  I  tried  how  many  revolutions  the  spot  that  Capella  is  adjusted 
to  was  distant  from  that  to  which  t  Herculis  is;  that  is,  how  far  44*  15'  is 
from  43°  50';  and  I  found  it  to  be  44  rev.  18",3. 


0  Dree. 

3  1,7  [8] 

7  27,2 

4  25,5 

■  Here. 

5  2,0  [6] 

8  2,5 

3  0,5 

f  Drac. 

3  20,5  [4] 

8  0,0 

4  13,5 

y  — 

6  6,0  [7] 

3  4,8 

2  1,8 

25.  Capella 

7  19,0  [6]  flutt.  - 

3  9,5 

4  9,5 

0  Drac. 

1  29,5  [8] 

6  20,5 

4  25,0 

f  - 

2  0,5  [6] 

6  12.3 

411,8 

y  — 

3  10,8  [8] 

1  9,5 

2  1.3 

26.  Capclla 

4  22,5  [8] 

0  12.0 

4  10.5 

this  day  clean* 

?wed  it  as  n< 

>ar  as  I  could  in  the 

same  manner  as  it  was  before. 


t  Urs.  Maj. 

8  3,0  [8] 

3  18,5 

4  18,5 

c   

8  27,0  [8] 

3  28,0 

4  33.0 

10  8,0  [8] 

4  14,8 

5  27,2 

0  Drac. 

29  33,7  [8] 

4  24,7 

4  25,0 

i  Hercul. 

3   2,0  [6] 

6  3,2 

8  1,2 

y  Drac. 

7  18,7  [8] 

5  17,7 

2  1,0 

29. 

Capella 

10  16,0  [8] 

6  5,5 

4  10,5 

31. 

0  Drac. 

1   1,7  [8] 

5  27,2 

4  25,5 

i  Here. 

2  19,5  [5] 

5  21/) 

8  1,5 

£  Drac. 

5  0,5  [6] 

10  12,0 

5  11,5 

y  — 

6  11,5  [8] 

410,5 

2  1,0 

Sept.  1. 

y  — 

5  33.7  [10] 

3  32,7 

2  1,0 

3. 

Capella 
y  Drac.' 

7  30,0  [6]  flutt.  - 

3  21,3 

*  8,7 

7. 

6  27,0  [8] 

4  26,0 

2  1,0 

8. 

Capella 

8  26,5  [8]  st.  - 

414,8 

4  11,7 

y  Drac. 

4  29,0  [8] 

2  28,0 

2  1.0 

9. 

y  — 

3  80,5  [8] 

1  80.5 

2  0,0 

16. 

y  — 

7  81 ,2  [10] 

5  30,5 

2  0.7 

18. 

?  Ure.  Maj.  11  21,0  [8] 

617,0 

5  4,0 

11  27,5  [8] 

5  30,0 

5  31,5 

0  Drac. 

0  11,7  [8] 

5  3,9 

4  26,2 

y  — 

6  13,3  [8] 

4  l.%5 

1  33,8 

20. 

3  - 

2  4,9 

6  30,3 

4  25,4 
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yDmc.         9  5,7  [91         -  7  5,8        I  0,7 

Sept.  22.    0  —  1   9,4  [9]         -  6  0.9        4  25,5 

y  —  7  32,3  [9]         -  5  32,4        1  33,9 

I  went  to  Oxford,  Sept.  25 :  returned  Nov.  27. 


Dee.  9. 

7  — 

9   4,3  [7] 

6  19,7 

2  18,6 

p  Lass. 

O  14,8 

J  20,0 

a  — 

5  24,7  [8] 

6  21,7 

0  81,0 

11. 

0  - 

1  21,0  [6] 

5  12,3 

3  25,3 

a  — 

4  28,0  [8]  flutt.  - 

5  25,5 

0  31,5 

12. 

(3  Draconis 

1  10,5  |8] 

5  15,5 

4  5,0 

7   

8  2,2  [8] 

5  16,4 

2  19,8 

0  Cassiop. 

1  31,0  [9]  st  - 

5  22,8 

3  25,8 

7  8,0  [8] 

5  19,3 

1  22,7 

a   

6  8,7  [8] 

7  7,2 

0  32,5 

15. 

0  Drac. 

3  20,0  [6] 

7  23,7 

4  3,7 

7  — 

10  11,0  [H] 

7  2+,5 

2  20,5 

18. 

/3  - 

3  8,5  [7] 

7  10,2 

4  1,7 

24 

7  — 

10  25,2  [8] 

8  1,7 

2  23,5 

3  33,5  [H] 

7  23,5 

3  24,0 

I  found  that  the  wall  was  fallen  back  (to  the  eastward)  so  much  that  the 
plunibline  was  not  quite  free  from  the  arch,  I  therefore  brought  the  top  of 
the  tube  from  the  wall  about  one  revolution  of  the  screw  that  moves  it  east 


and  west. 


A  Cass. 

9  16,5  [7] 

7  28,0 

1  22,5 

err.  a  — 

7  3,0  [K] 

3  32,7 

3  4,3 

6  — 

3  30,5  [6] 

12  4,2 

8  7,7 

t  Pcrs. 

10  29,5  [7] 

11  2,5 

0   7,0  south 

7  — 

7  0,5  [8]  flutt.  - 

11  14,8 

4  14,3 

a  — 

12  30,5  [8J 

11  24,5 

1  6,0 

Capclla 

15  18,0  [8J  flutt.  - 

11  18,5 

3  33,5 

27. 

1.5  22,5  [8) 

11  23,2 

3  33,3 

28. 

jS  Drac. 

6  30,5  [6]  haz.  - 

10  30,0 

3  33,5 

i  Urs.  Moj. 

18  3,2  [10] 

12  18,2 

5  19,0 

1   

18  5,2  [8] 

12  3,7 

6  1,5 

Alt-ore 

112G,5[6J 

12  3.7 

0  11,2 

1731. 

,  Urs.  Maj. 

18  3,6  [8j 

11  6,6 

6  31,0 

Jan.  1. 

y  Drac. 

12  25.8  [5]  : :  dub. 

9  32,8 

2  27,0 

3. 

t  Pcrs. 

12  22,5  [8] 

12  30,7 

0  8,2 

7  — 

7  33,5  [9]  st.  - 

12  15,5 

4  16,0 

• 
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a  Pens. 

12  20,7  [7] 

11  15.7 

1  5,0 

I  — 

9  2,0  [8] 

10  4,0 

1  2,0 

Capella 

14  17,3  [81 

10  18,8 

8  82,5 

.  Vn.  M. 

14  28,0  [7]  flutt.  - 

9  9,0 

5  19,0 

5  — 

14  31,5  [6]  flutt.  - 

8  29,8 

6  1,7 

AW 

8  19,5 

8  29,8 

0  10,3 

1  — 

15  30,0  [8]  flutt.  - 

8  SI  ,3 

6  32,7 

Jan.  4. 

y  Drac. 

10  2,8[4]hai.  - 

7  9,8 

2  27,0 

18. 

t  Pen. 

6  16,0  [8]  st.  - 

6  24,2 

0  8,2 

y  — 

2  19,0  [7] 

7  0,2 

4  15,2 

a  — 

8  11,5  [7] 

7  6,0 

1  5,5 

9  Aurig. 

8  28,5  [8] 

6  23,0 

2  5,5 

Capella 

10  29,0  [8] 

6  31,3 

3  31,7 

24. 

12  0,0  [4] 

8  2,5 

3  31,5 

Feb.  3. 

y  Drac 

11  13,0  [4] 

8  10,0 

3  8,0 

Capella 

12  2,5  : :  v.  tlub.cl. 

8  6,5 

3  30,0 

5. 

9  Aurig. 

14  5,5  [7] 

12  1,8 

2  4,2 

Capella 

15  80,5  [7] 

11  32,5 

3  32,0 

35  Camel. 

12  83,3  [8] 

11  7,6 

1  25,7 

6. 

8  Drac. 

7  20.2  [7] 

11  8,5 

3  22,3 

y  — 

13  17,0  [8] 

10  14,0 

8  3,0 

Capella 

14  32,8  [8] 

11  2,8 

3  29,5 

7. 

y  Drac. 

12  26,2  [8] 

3  3,7 

Ap.  27. 

Capella 

12  30,5  [7] 

8  28,3 

4  2  ,2 

May  3d,  I  went  to  Oxford,  and  returned  to  Wansted  August  3d.  The 
next  day,  August  4th,  I  examined  the  instrument,  and  found  that  when  I 
brought  44"  15'  to  the  pltunbline,  the  index  stood  at  11  rev.  l",3;  so  that 
from  April  27th  to  August  4th,  the  wall  and  the  top  of  the  telescope  had 
fallen  towards  the  north  2  rev.  7"  =  1'  14".  This  I  suppose  must  have  been 
occasioned  by  some  sinking  in  the  north  end  of  the  house,  which  was  ob- 
served within  this  interval,  and  that  end  which  was  before  supported  by  a 
timber  partition,  is  now  supported  by  a  brick  wall,  that  parts  my  aunt 
Pound  s  and  the  next  new  built  house. 

N.  B.  The  telescope  remained  fixed  in  tin  same  manner  to  the  brass  arch 
and  wall,  &c.  at  my  return  from  Oxford,  as  when  I  observed  Capella  on 
April  27th. 

Rev    n  Kct.  «  Rev. 

Aug.  4.    «  Urs.  Maj.  17  31,3  [8]         -  12  38,8        4  31,5 

?    17  6,2  [7]         -  11  28,4        5 11,8 

M  m 
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Rct.  * 

Rer.  h 

1781. 

,  Urs.  Maj.  15  4,0  [8] 

8  31,8 

6  6,2 

3  l>rac. 

3  29,0  [8] 

8  17,5 

4  22,5 

Aug.  7. 

n  Urs.  Maj.  14  20,0  [7] 

8  13,5 

6  6,5 

9. 

Capclla 

5  33,7  [9] 

1  23,7 

4  10,0 

10. 



5  81,0  [8] 

1  20,5 

4  10,5 

14 

3  Drac. 

2  6,2  [8] 

6  30,0 

4  23,8 

y  — 

8  23,5  [8] 

6  22,2 

2  1,3 

17. 

Capclla 

10  26,5  [8]  st.  - 

6  16,0windy4  10,5 

,  Urs.  M. 

12  10,5  [7]  cl.  - 

6  2,7wbdy6  7,8 

8  Drac. 

1  27,0  [8] 

617,0 

4  24,0 

7  — 

8  3,3  [8] 

6  2,8 

2  0,5 

18. 

|9  - 

8  24,5  [7] 

8  14,7 

4  24,2 

y  — 

11  2,7  [8] 

9  2,2 

2  0,5 

19. 

C'apella 

12  10,0  [7] 

8  0,0 

4  10,0 

20. 

12  9,5  [8] 

8  0,0 

4  9,5 

■  Urs.  M. 

12  83,5  [7]  faint  - 

7  31,5 

5  2,0 

1   

13  16,5  [6] 

7  8,0 

6  8,5 

^  Drac. 

2  19,0  [6] 

7  10,0 

4  25,0 

y  — 

9  4,5  [8] 

7  5,5 

1  33,0 

81. 

Capclla 

11  20,2  [8] 

7  10,5 

4  9,7 

y  Drac. 

9  12,5  [8] 

7  12,8 

1  33,7 

22. 

3  - 

9  27,5  [8] 

14  17,5 

4  24,0 

y  — 

14  28,0  [8] 

12  28,2 

1  33,8 

23. 

3  - 

7  2,5  [8] 

11  27,0 

4  24,5 

y  — 

13  19,5  [8] 

11  19,7 

133,8 

■ 

3  - 

8  17,7  [7] 

13  8,7 

4  25,0 

y  — 

IS  6,5  [8] 

11  7,3 

1  33,2 

7. 

3  - 

6  5,5  [8J 

10  80,5 

4  25,0 

y  — 

12  31,8  [8] 

1132,8 

1  33,0 

9. 

Capclla 

11  27,0  [7]  flutt.  - 

716,5 

4  10,5 

10. 

11  23,0  [4]  flutt.  in. 

7  14,5 

4  8,5 

.  Urs.  M. 

11   7,5  [6]  faint  - 

6  0,5 

5  7,0 

1   

11  6,5  [7]  faint  - 

517,3 

5  23,2 

10  27,5  [6]  faint  - 

4  13,0 

6  14,5 

3  Drac. 

1   5,5  [8] 

5  80,5 

4  25,0 

y  — 

7  21,8  [8] 

5  23,3 

1  82,5 

11. 

I  Urs.  M. 

11  0,0  [6]  flutt  - 

4  19,7 

6  14,3 

12. 

Capella 

6  7,0  15]  flutt.  m. 

1  31,7 

4  9,3 

1  Urs.  M. 

7  2,5:: 

1  21,0 

5  15,5 

3  Drac. 

2  30,5  [10]  v.  g. 

7  20,5 

4  24,0 
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Her.  « 

Rct.  " 

y  Drac. 

9  10,8  [91  v.  u.  - 

7  11,8 

1  33,0 

Aug.  13. 

Capella 

11  26,8  [8]  err.  - 

7  15,8 

4  11,5 

i  Urs.  Mo). 

13  18,0  [8] 

8  11,0 

5  7,0 

C  — — — • 

18  2,5  [4]  haz.  - 

713,0 

5  23,5 

14  5,5  [8]  g.  - 

7  23,8 

6  15,7 

Sept.  13. 

0  Drac. 

2  25,5  [6]  cl.  - 

715,5 

4  24,0 

y  — 

9  20,8  [8] 

7  21,8 

1  33,0 

15. 

i  Urs.  Maj. 

13  16,5  [6] 

8  8,0 

5  8,5 

13  20.5  [6] 

7  32,0 

5  22,5 

(3  Drac. 

8  20,0  [8] 

13  11,5 

4  25,5 

y   

12  21,0  [8] 

10  22,8 

1  82,2 

18. 

?  Urs.  M. 

15  17,5  [71 

9  27,8 

5  23,7 

14  31 .5  T71 

8  15  0 

6  18  5 

19. 

0  Drac. 

3  6,0  [5]  cl.  • 

7  29,7 

4  23,7 

y  — 

9  5,5  [8]  no  aper. 

too  bt.   7  5,7 

1  33,8 

20. 

?  Urs.  M. 

12  26,0  [6]  haz.  ■ 

7  1,7 

5  24,3 

0  Drac. 

6  29,5  [91 

11  19,0 

4  23,5 

13  1,3  [9]  st. 

11  2,5 

1  32,8 

22. 

Capella 

15  19,0  [8] 

11  9,5 

4  9,5 

i,  Urs.  M. 

14  25,2  [3]  : :  v.  hw 

!.           8  7,7 

6  17,5 

Drac. 

3  18,0  [81 

8  3,0 

4  24,0 

y  — 
* 

9  32,5  [8] 

7  33,2 

1  33,3 

25. 

/3  — 

3  1,5  [4]  cl.  - 

7  24.5 

4  23,0 

9  3,0  [5]  cl.  - 

7  8,5 

1  33,5 

Oct.  1. 

i  Urs.  Maj. 

12  4,0  [6] 

6  23,0 

5  15,0 

t   

11  31,0  [7] 

6  1,5 

5  29,5 

■  — — 

12  12^5  [6] 

5  26,0 

6  20,5 

2. 

y  Drac. 

3  11,2  [8] 

1  10,5 

2  0.7 

4. 

i]  Urs.  M. 

7  2,5  [6] 

0  15,5 

6  21,0 

/3  Drac. 

8  20,7  [8] 

8  9,0 

4  22,3 

v  — — 

10  3,3  [4]  v.  haz. 

8  2,3 

2  1,0 

Dec.  18. 

0  — 

3  28,7  18] 

7  30,7 

4  2,0 

y  — 

9  33,7  [8] 

713,7 

2  20,0 

26. 

t  Pers. 

6  25,5  [6] 

714,0 

y  — 

2  0,0  [6]  faint  cl. 

6  29,5 

4  29,5 

a  — 

7  25,6  [8] 

6  31,6 

0  28,0 

81. 

V  Drac. 

10  12,7  [8] 

7  22,7 

2  24,0 

Jan.  1. 

•  Urs.  M. 

13  1,8  [7]  flmt.  - 

6  30,8 

6  5,0 

Mane. 

?  

12  32,0  [8] 

611,8 

6  20.2 

A  Icon? 

6  18,8  [71 

611,8 

0  7,0 

II  iii  2 
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tj  Urs.  M.  12  80,0  [8]         -  5  17,0  713,0 

Jon.  4.    Capella  9  0,5  [8]  st.     -  6  2,5        8  32,0 

8.      Cass.  0  28,5  [8]         -  5  3,5        4  9,0 

a  —  6  0,8  [6]         -  4  29,3        1  5,0 

«  -  5 19,3  [8]         -  7  1,0        1  15,7 

t  Per*.  6  33,5  [7]         -  7  21,8  022,3 

y  —  2  2^  [8]         -  6  31,7        4  29,5 

m  —  7  23,0  [8]  st.     -  6  30,2  0  26,8 

Capella  11   3,5  [7]         -  7  5,5        3  32,0 

Mane.  9.  i  Urs.  Maj.  12  33,0  [7]         -  6  28,6        6  4,4 

;    13  0,5  [8]         -  613,5        6  21,0 

Alcore  6  21,5  [7]         -  613,5        0  8,0 

y,  Urs.  M.  13  24,5  [8]  st.     -  6  9,0        7 15,5 

y  Drac.  8 11,5  [8]  st.     -  5  18,0        2  27,5 

rPers.  I  6,5  [5]         -  4  28,0        0  21,5 

Mint.  11.  i  Urs.  Maj.  12  7,5  [7]  st.     -  6  5,2  q.     6  2,3 

;    12 11,0  [7]         -  5  25,3  619,7 

Alcore  5  82,5  [8]         -  5  25,3        0  7,2 

I  Urs.  M.  IS  0,0  [7]         -  5  18,5  715,5 

Then  I  went  to  Oxford,  and  left  the  telescope  fixed  as  in  this  last  observa- 
tion. On  my  return  from  Oxford,  I  rectified  the  same  spot  to  the  plumb- 
line,  (on  April  7th,)  and  found  the  index  at  5  17,5 ;  so  that  the  situation 
was  the  same  within  a  single  second  as  three  months  before. 

April  7.    Capella  9  3,5  [8]         -  5  5,7        3  31,8 

13.    ,Ura.  11  10,7  [G]         -  4  7,2        7  8,5 

17.    a  Cass.  2  20,0  [6]         -  8  13,5        0  27,5 

,  Urs.  M.  10  7,0  [7]  flutt.  -  3  5,0        7  2,0 

Capella  6 15,7  [7]         -  213,7        4  2,0 

April  22,  I  found  the  wire  broke  at  the  notch  at  top;  I  fastened  on  the 

it  ot  a  proper 

length. 

22.    Capella  6 11,5  [6]          -  211,0        4  0,5 

Sept.  2.    iSDrac.  10  9,7  [7]         -  14  33,5        4  23,8 

y  —  14  2,7  [7]         -  12  5,0        1  31,7 

3.    0  Urs.  M.  1   2,0  [3]  faint  -  10  2,5        9  0,5 

y   IS  27,0  [3]  v.  faint  9  9,5        4 17,5 

.    18 15,6  [6]         -  12  23,6        5  26,0 

I    16  24,5  [5]  v.  faint  10  20,5        6  4,0 
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3Drac.  4  1,5  [8]         -  8  26,0  4  24,5 

y  -  10 19,5  [8]         -  8  22£  180,7 

Sept.  4.    y  Ure.  M.  13  0,0 ::  dub.    -  8  16,5  417,5 

•    20 10,6  [6]  14  17,6  5  27,0 

fi  Drac.  2  5,1  [7]         -  6  29,7  4  24,6 

y  —  9 19,3  [6]  flutt.  -  7  21,3  1  32,0 

5.  £  —  8  7,2  [8]         -  7  32,2  4  25,0 
y  —  10  30,3  [6]  flutt.  -  8  33,8  1  30,5 

6.  /3Urs.M.  0  32,5  [6]         -  9  31,8  883,8 

i    16 16,5  [7]         -  10  25,5  5  25,0 

$    13 16.5 : :  dub.    -  7 12,0  6  4,5 

0Drac.  2 11.7  [8]  st.     -  7  %5  4  24,8 

y  —  8  82,7  [8]         -  7  1,7  131,0 

December  22,  I  rectified  the  same  spot,  and  found  the  index  stood  at 
7  13,5;  so  that  the  instrument  had  altered  12"  between  September  and 
December. 

30.  /3  Cass.  2 15,0  [6]         -  7  9,5  4  28,5 
x  —  8  27,0  [6]         -  8  8,0  0  19,0 

1733.       a  —  6 15,3  [8]         -  8  15,3  2  0,0 

Jan.l.    0  —  3 18.5  [7]         -  812,7  4  28,2 

21.  y  Drac.  10  20,5  [7]  -  7  26,5  2  28,0 
0Cass.  2  33,5  [7]  -  7  24,0  4  24,5 
-  -  5 16,7  [7]  -  714,2  131,5 
rPers.  6 13,5  [7]  7 14,5  1  1,0 

forsan.  y  —  2 13,0  [4]         -  7  20,0  err.  5  7,0 

22.  0Drac.  3  7,0  [8]  -  6  31,8  324,8 
y  —  9  24,0  [7]         -  6  29,3  2  28,7 

31.  9Aurig.  10  1,0  [8]  -  8  3,2  131,8 
Capella  11  15,0  [8]  st.  -  7  23,8  3  25,2 
18  Camel.  6  21,5  [5]  faint  -  8 18,5  1  31,0 
8  Aung.  6  33,7  [8]  -  7  1,7  0  2,0 
35  Camel::    9  28,5  [7]  -  7  31,7  130,8 

August  25,  I  found  the  index,  when  rectified  to  the  same  spot  as  Jan.  31, 
to  stand  at  7  23,2;  the  difference  being  8",5  since  January. 

25.  8  Drac.  4  7,5  [8]  -  8  33,5  4  26,0 
y  —  11  15,0  [8]         -  9  22,0  1  27,0 

26.  8  -  412,5  [8]  -  9  5,0  4  26,5 
y  —  11  32,5  [8]         -  10  4,5  1  28,0 

29.   0  -  2  28,5  [8]         -  7  20,0  4  25,5 
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178*. 

Rcr.  // 

Rer.  // 

Her.  u 

y  Drac. 

10  15,0  [8] 

8  21,5 

1  27,5 

June  11.  Capella 

16  11,0  [8] 

12  8,0 

4  3,0 

t  Urs.  Maj. 

17  12,5  [8] 

10  31,0 

6  15,5 

<   

16  10,2  [8]  >  »w  ti* 

913,7 

6  30,5 

1   

10  27,0  [7] 

3  5,5 

7  21,5 

12. 

0  Cass. 

1  25,0  [8] 

613,5 

4  22,5 

a  — 

5  16,5  [7] 

7  11,5  q. 

1  29,0 

«  Per*. 

10  20,7  [8] 

9  32,7 

0  22,0 

Capella 

12  30,0  [7] 

8  27,0 

4  3,0 

•  Urs.  M. 

14  21,5  [7] 

8  5,0 

6  16,5 

i  

15  21,0  [7] 

8  24,0 

6  31,0 

■   

9  8,0  [7] 

1  14,5 

7  22,5 

13. 

0  Cass. 

2  8,0  [9] 

6  31,0 

4  23,0 

a  — 

6  8,5  [8] 

8  4,0  q. 

129,5 

16. 

.Urs.  M. 

13  30,0  [5] 

713,5 

6  16,5 

fl  

19  30,8  [8] 

12  8,8 

7  22,0 

18. 

s  

17  13,0  [8] 

10  17,5 

6  29,5 

1  

12  23,5  [8] 

5  2,5 

7  21,0 

19. 

(3  Drac. 

2  6,0  [8] 

6  17,0 

411,0 

r  — 

7  15,7  [8] 

5  8,7 

2  7,0 

11. 

3  - 

4  3,5  [8] 

816.0 

4  12^ 

y  — 

11  10,7  [8]  Him.  - 

9  4,7 

2  6,0 

July  S. 

Caplla 

8  4,0  [7] 

4  0,5 

4  8,5 

5. 

jS  Drac 

3  12,7  [8] 

7  27,7 

4  15,0 

r  — 

9  22,0  [8] 

7  17,5 

2  4,5 

9- 

t  Urs.  M. 

16  3,0  [6]  flutt.  - 

9  20,0 

617,0 

{   

15  31,0  [7]  flutt.  - 

9  2,0 

6  29,0 

I   

15  12,7  [8] 

7  26,2 

7  20,5 

10. 

i  • —  

15  31,0  [8] 

9  14,5 

6  16,5 

17  16,7  [8] 

10  22,2 

6  28,5 

19  0,0  [7]  cL  - 

11  13,5 

7  20,5 

/3  Drac. 

7  0,2  [8] 

11  17,2 

417,0 

7  — 

11  28,0  [9] 

9  26,7 

2  1,3 

11. 

a  Pcrs. 

11   3,0  [6] 

10  16,0 

0  21,0 

Capella 

11  12,0  [8] 

7  7,5 

4  4,5 

S  Urs.  M. 

12  19,5  [7] 

7  24,5 

4  29,0 

*   

10  30,7  [8] 

3  10,2 

7  20,5 

16. 

Caplla 

11  14,0  [8] 

710,0 

4  4,0 

rj  Urs.  M. 

15  33,0  [6] 

813,0 

7  20,0 

0  Drac. 

4  26,2  [8]  st.  - 

910,7 

418,5 
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1734. 

Rev.  // 

KfT.  0 

Her,  it 

y  Drac. 

13  9,2  [9]  at.  . 

11  9,2 

2  0,0 

July  17. 

t  Urs.  M. 

18  28,0  [6] 

12  11,0 

617,0 

1   

16  16,5  [9] 

8  31,5 

719,0 

29. 

0  Drac. 

4  16,5  [6] 

9  4,7 

4  22,2 

7  _ 

10  1,2  [8] 

8  4,7 

130,5 

31. 

.  Urs.  M. 

13  21,0  [4]  faint  - 

7  3,0 

6  18,0 

0  Drac 

3  26,0  [3]  flutt.  m. 

813,5 

4  21,5 

7  — 

12  8,0  [4]  flutt.  m. 

11  11,0 

1  31,0 

Aug.  3. 

Capella 

10  1,2  [9] 

6  0,2 

4  1,0 

?  Urs.  M. 

12  10,0  [8] 

5  12.2 

6  31,8 

>j   

18  4,7  [9] 

5  15,2 

7  23,5 

£  Drac. 

4   2,2  181 

>    L  J 

8  24,0 

4  21,8 

V   

/ 

9  23,7  riOl 

7  26,5 

1  31,2 

6. 

Capella 

8  18,0  [9]  st.  - 

4  14,0 

4  4,0 

/3  Drac. 

2 19,5  rei 

7  8,5 

4  23,0 

v  — 

8  12,0  : : 

616,5 

1  29,5 

7. 

Capella 

8  26,2  [9] 

4  23,0 

4  3,2 

$  Urs.  If. 

17  25,0  [8] 

10  26,7 

6  32,3 

13  10,0  [9] 

5  21,7 

7  22,3 

(3  Drac. 

0  16,7  [9]  at.  - 

5  5,7 

4  23,0 

y  — 

7  17,0  [9]  »t.  - 

5  22,5 

1  28,5 

8. 

0  - 

1   0,0  [9]  at.  - 

5  24,0 

4  24,0 

y  — 

8  1,7  [9]  at.  . 

6  7,0 

1  28,7 

11. 

y  — 

8  27,0  |8] 

6  32,0 

1  29,0 

Dec.  11th,  1734. 

After  I  had  adjusted  the  same  spot  to  the  p 

left  Aug.  11th,  the  index  stood  at  7  rev.  5"; 

so  that  the  telescope 

was  altered  7"  only. 

Dec.  11. 

0  Drac. 

2  32,0  [8] 

7  3,2 

4  5,2 

y  — 

9  23,7  [8] 

7  12,2 

2  11,5 

/3  Caasiop. 

0  6,2  [8J  at.  - 

6  6,2 

6  0,0 

8  29,2  [8] 

915,0 

0  19,8 

6  27,0  [8] 

9  31,6 

3  4,6 

0  Drac 

2  31,5  [8] 

6  31,5 

4  0,0 

y  — 

9  26,5  [8] 

7  11,2 

2  15,3 

0Cass. 

1  10,0  [8] 

7  9,5 

5  33,5 

X  — 

7  2,0  [8] 

7  21,0 

0  19,0 

a  — 

7  21,5  [8] 

10  25,5 

3  4,0 

Capella 

12  28,5  [8] 

9  6,5 

3  22,0 

23. 

0  Drac. 

5  0,7  [8] 

9  0,0 

3  33,3 

y  — 

10  28,0  [8] 

811,7 

2  16,3 
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1734. 
Dec.  25.  0Cass. 
x  — 


1  20,0  [8] 
7  17,0  [8] 
«  —  6  20,5  [8] 

Capella        11  15,7  [9]  st.  - 
27.    0  Drac.         4  28,8  [8] 
y  —  11   0,3  [8] 

Dec.  27th,  I  brought  37°  30',  &c.  to  the  plumbline, 
follows : 


Rer.  // 

7  19,0 

8  3,0 

9  25,5 

7  26,0 

8  27,3 
8  16,3 


Rer.  * 
5  38,0 
0  20,0 
3  5,0 
3  23,7 
3  32,5 
2  18,0 

and  index 


Index. 

Index. 

38,  0 

Index. 

0  / 

37,30 

0  4,0 

37,45 

0  2,0 

0  2,0 

38,15 

87,45 

26  30,0 

38,  0 

26  28.0 

38,15 

26  28,7 

38,25 

Diff. 

26  26,0 

Diff. 

26  26,0 

Diff. 

26  26,7 

38,30 

Index. 

0  0,5 
17  29,8 
26  26,5 

Hence  by  these  observations,  one  degree  on  the  arch,  viz.  from  37°  SO'  to 
38°  30'  is  equal  to  107  rev.  2,"7 ;  and  55'  from  37°  SC  to  38°  25'  is  equal  to 
98  rev.  6";  by  which  last  number  may  be  determined  the  exact  difference  at 
any  time  between  the  declination  of  £  and  y  Draconis  in  the  rev.  of  the 
screw ;  and  if  the  exact  difference  of  declination  of  those  two  stars  be  tried  by 
some  other  method,  the  true  angle  corresponding  to  the  divisions  of  the 
screw  will  be  known.  If  we  suppose  that  from  37°  30'  to  38*  30'  on  the 
arch  of  the  instrument  were  an  exact  degree,  then  one  revolution  of  the 
screw  would  be  33 ',6199.   If  we  suppose  that  from  38°  25'  to  37°  30'  on  the 


arch  be  exactly  55'  of  a  degree,  then 
33",613. 


revolution  of  the 


would  be 


1735. 

Rer.  n 

Rer.  // 

Kcv  ,/ 

Sept.  9. 

r,  L'rs.  M. 

13  8,5  [8] 

4  30,5 

8  12,0 

y  Drac. 

5  7,8  [10]  g.  - 

3  14,7 

1  27,1 

10. 

n  Urs.  M. 

9  8,7  [8] 

0  31,0 

8  11,7 

0  Drac. 

2  33,8  [9]  st.  - 

7  23,0 

4  28,2 

y  — 

7  30,7  [8]  st.  - 

6  4,0 

1  26,7 

18. 

0  Ure.  II. 

8  5,7  [7] 

15  17,0 

711,3 

16  11,5  [8] 

10  5,5 

6  6,0 

•  — — 

15  15,0  circitcr  cl. 

7  32,5 

7  16,5 

>> 

14  13,0  [7] 

6  22,0 

7  25,0 

0  Drac. 

6  18,5  [8] 

11  7,3 

4  22,8 

1736. 

7  — 

12  15,5  [9] 

10  24,0 

1  25,5 

Aug.  31.  0  — 

5  4,7  [8] 

9  26,2 

4  21,5 

y  — 

10  29,8  [8] 

9  4,0 

1  25,8 

Sept.  8. 

?  Urs.  M. 

15  8,0  [4]  faint  - 

7  2,5 

8  5,5 
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1736. 

Rer.  // 

Rev.  // 

Rer.  a 

1  Urs.  M. 

7  32,0  [8] 

29  6,0 

8  26,0 

fi  Drac. 

0  21,2  [8] 

5  9,0 

4  21,8 

r  — 

6  7,2  [8] 

4  15,7 

1  25,5 

Sept.  9. 

/3  - 

0  17,7  [8] 

5  5,0 

4  21,3 

7  — 

6  26,7  [8] 

5  0,7 

1  26,0 

10. 

t  Urs.  M. 

7  30,0  [4] 

0  0,0 

7  30,0 

12. 

8  8,5  [4]  faint  - 

0  12,7 

7  29,8 

8  16,7  [6]  faint  - 

0  11,2 

8  5,5 

1  

10  82,2  [6] 

2  5,2 

8  27,0 

After  I  had  made  the  observations  on  Aug.  31, 1  left  the  instrument  with- 
out taking  off  the  string  (that  comes  through  the  wood-work  inclosing  the 
whole)  by  which  the  weight  hangs,  that  keeps  the  tube  bearing  lightly 
against  the  point  of  the  screw ;  but  between  Aug.  31  and  Sept.  2  I  suspect 
that  somebody  had  meddled  with  the  string,  and  by  pulling  it  had  caused 
the  telescope  to  strike  against  the  end  of  the  screw  and  blunted  its  point, 
whereby  the  whole  was  so  much  disordered,  that  when  I  came  to  make  an 
observation  again  on  Sept.  2d,  I  found  a  great  and  unusual  disagreement  in 
the  several  trials  for  adjusting  a  spot  to  the  plumbline.  For  bringing  the 
spot  for  £  Drac.  to  it  before  the  passage,  the  index  stood  at  9  rev.  18",8; 
and  after,  at  9  rev.  22",0 ;  and  at  the  passage,  index  was  5  rev.  9",5 ;  so  that 
this  observation  differed  10"  from  the  last. 

In  adjusting  the  spot  for  y  Draconis,  the  disagreement  was  yet  more  re- 
markable, for  the  index  before  the  passage  was  at  14  rev.  S0",8 . .  14  rev.  29",5; 
and  at  the  passage,  16  rev.  6",S;  and  after  the  passage,  at  14 rev.  20".. 
14  rev.  19">5,  and  14  rev.  14",5;  from  whence  it  was  evident  that  the  screw 
was  greatly  damaged,  and  that  no  observation  then  made  with  it  could  be  of 
any  use  or  depended  upon.  Therefore  taking  off  the  screw,  &c.  I  carried  it 
the  next  day  to  Mr.  Graham,  who  rectified  the  point  of  it  and  cleaned  it,  and 
then  the  observations  made  the  following  days  were  found  to  agree  very  well 
with  those  of  Aug.  31st;  so  that  the  forementioned  irregularities,  doubtless 
proceeded  from  something  that  had  been  done  to  the  instrument  between 
Aug.  Slst  and  Sept  2d. 

But  that  it  may  not  be  subject  to  the  like  accident  for  the  future,  I  shall 
take  care  to  leave  the  instrument  so  that  it  may  not  be  again  disordered  in 
the  same  manner. 

N.B.  When  the  screw  was  cleaned  and  put  in  again  with  the  wheel- work 
that  shews  the  number  of  revolutions,  the  beginning  of  the  divisions  was  not 
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made  to  correspond  exactly  with  the  same  part  of  the  screw  as  before,  but 
2  or  3  threads  forwarder;  so  that  the  part  of  the  screw  which  before  an- 
swered to  3  or  4  revolutions,  now  perhaps  corresponds  to  0  or  1  revolution. 
But  as  I  have  not  been  able  to  discover  the  least  inequality  in  the  threads  of 
the  screw  in  different  parts  of  it,  this  remark  may  upon  that  account  seem 
needless.  However,  I  have  thought  proper  to  make  it,  in  case  we  should 
hereafter  have  occasion  to  know  what  alteration  was  made  in  the  disposition 
of  the  screw  at  this  time. 


1737. 

Rer.  u 

Re*.  /, 

R*r.  // 

Jan.  3. 

y  Drac. 

5  23,0  [8] 

3  4,5 

2  18,5 

4. 

P  — 

2  24,5  [8] 

6  15,2 

3  24,7 

7  — 

8  22,0  [8] 

6  2,5 

2  19,5 

9. 

CajK>lla 

5  2,5  [8]  st.  - 

1  22,7 

3  13,8 

18. 

2  80,2  [8] 

29  17,7 

312,5 

19. 

0  Drac. 

0  16,5  [7] 

4  3,7 

3  21,2 

y  — 

6  8,5  [8] 

317,7 

2  24,8 

Capella 

7  8,0  [8] 

3  28,8 

813,2 

Jan.  19th,  I  brought  34°  45'  to  the  plumbline;  index  standing  as  follows: 


34,45 
34,55 
Diff. 


Rer.  .< 

2  18,7 
20  12,5 


1 

19 


C,3 
0,1 


17  27.8 


repeated 
day. 

17  27,8 

These  two  are  the  spots  to  which  the  plumbline  is  adjusted  for  y  Ursae 
Maj.  and  a  Cassiop.;  which  stars  not  being  far  from  the  equinoctial  colure, 
and  nearly  the  same  distance  from  the  pole,  their  difference  of  declination 
being  carefully  observed  by  the  instrument,  will  be  a  proper  mean  for  de- 
termining the  precession  of  the  equinox. 


Rev.  // 

June  22. 

?  Ure.  M.     8  10,5  [8] 

n   

9  13,0  [81 

39,20 

9  10,9  ) 

39,15 

0 13,3  J 

July  1. 

,  Urs.  M. 

9  12,3  [8] 

39,20 

9  9,0  ) 

39,15 

011,3  j 

Rer.  „ 

29  32,5 
0  13,2 

Diff.=8rev.31",6. 

0  11,3 


Rer.  « 
812,0 
8  33,8 


9  1,0 


Then  I  put  on  a  new"  wire  or  plumbline,  and  adjusting  39*  15'  to  it,  the 
index  stood  at  0  rev.  12",5,  or  about  1"  more  than  with  the  old  one ;  but 
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there  was  about  the  same  difference  in  adjusting  the  spot  with  the  old  wire 
before  and  after  the  observation. 

1737.  Re*.  *  R«-  "  Rcr.  " 

July3.    ,Ur*.M.      9 12.7  [8]         -  012,2        9  0,5 

39,20   |  9  9,7  |Diff=8rev,3n5. 

39,15    |  0  12,2  j 

6.    ?Urs.Maj.  10 10,0  [8]         -  1  82,0  8  12,0 

,    9  33,0  [8]         .  0  32,7  9  0,3 

39,20  |     9  30,5  j^^^ 

39,15  I     0  32,7  ) 

Sept.  1.      89,20  |    10  6,5;  so  that  it  has  altered  10'  since  July  6. 

fJDrac.        29 15,1  [8]         -             3  32,6  417,5 

y  _           4  29,8  [9]         -             3  2,3  1  27,5 

f.   |8  —           3 14,7  [8]         -             7  32,7  4  18,0 

y  _           7  26,0  [8]         -             5  38,7  1  26,3 

4    fi  -           0  24.3  [6]  clouds               5  7,0  4  16,7 

6.    .Urs.M.     13  4,5  [8]                       4  25,2  813,3 

17  forsu.  ir.fl 


q          5                   9  31,0  [8]  faint  -  1   7,2  8  23,8 

,                10  80,3  [8]  -  120,8  9  9,5 

0Drac.         0 12,0  [8]  -  4  30,0  418,0 

y  _          8  6,9  [91  st.  -  6 13,4  1 27,6 

7.  fi  —           0  23,3  [8]  st.  -  5  5,8  416,5 
y  _           7  32,5  [6]  -  6  4,7  1  27,8 

8.  fi  -            1   9,8  [8]  -  5  27,8  418,0 
y  _           925,5  [8]  -  732,7  1  26,8 

10.   y  _           9  30,5  [8]  -  8  2,2  1  28,3 

Dec.  12.   y  —         10  29,7  [8]  -  816,0  213,7 

1738,  June  17th,  instrument  as  left  Dec.  12;  and  the  same  spot  being 
brought  to  the  plumbline,  index  stood  at  8  rev.  9";  so  that  it  had  altered 
only  T  iu  half  a  year. 
June  18.    ?Urs.Maj.  10  16,0  [4] 


5,0  [8] 


(1018^! 

0  2,5 

33  40 

(  1  22,5 

8  27,5 

33  35 

(  7  18,5 

0  20,5 

39  20 

(28  20,5 

918,5 

3915 

2  18,0 

8  18,0 

(  8  25,0 
\  29  £9)0 

0  3,5 

8  26,5 

N  n  2 
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1738. 

Rev.  n 

Rer.  n 

Rer.  //                 •  < 

• 

q  Urs.  Mi 

6  31,2  [71 

(27  16,0 
\  6  14,0 

9  15,2         39  15 
0  17,2         39  20 

June  29. 

■ 

I  

3  0,5  [6] 

3  3,5 

0   3,0          33  40 

4  25,7  [7j 

4  7,2 

0  18,5  south  39  20 

SO. 

Capella 

7  31,7  [7] 

4  18,7 

8  18,0 

July  2, 

?  Urs.  If. 

5  5,0  [6]  faint  - 

(  5  6,3 
(  26  10,0 

0  1,3 
8  29,0 

1 

8  22  8  T71 

j  8  4,8 
129  6.8 

0  18.0 
916,0 

10. 

r 

£>  01,U  [DJ  QUI).  - 

f  5  33,7 

0  2.7 

(  27  03,0 

8  28,0 

8  20,5  [4]  faint  - 

f  8  2,3 
\29  4,3 

018,2 
916,2 

25. 

/3  Drac. 

1  24,8  [7] 

6  1,6 

4  10,8 

y  — 

8  32,7  [8] 

6  32,7 

2  0,0 

28. 

|S  - 

1  27,5  [8]  st.  - 

6  4,8 

411,3 

y  — 

10  28,7  [8]  st.  - 

8  30,5 

1  32,2 

29. 

£  - 

5  1,5  [7]  flutt.  - 

912,0 

4  10,5 

y  — 

9  2,8  [6]  flutt.  - 

7  5,1 

1  31,7 

Sept.  9th,  the  instrument  was  fixed  as  left  July  29;  but  the  same  spot 

being  adjusted  to  the  plumbline,  index  stood  at  7  rev.  8";  differing  only  3". 

Sept.  9. 

y  Drac. 

7  26,8  [7] 

5  82,5 

128.3 

12. 

y  — 

6  9,7  [8] 

4  16,0 

1  27,7 

18. 

(S  - 

2  27,7  [7] 

7  8,2 

4  14,5 

y  — 

11  27,2  [8] 

9  33,4 

1  27.8 

14. 

y  — 

3  27,2  [8] 

1  31,5 

1  29,7 

15. 

y  — 

3  28,0  [8]  not  altered. 

132,7 

1  29.3 

16. 

y  — 

4  20,0  [8] 

2  24,8 

129,2 

23. 

,  Urs.  M. 

8  10,2  [4]  faint  - 

2  11,2 

0  33,0 

3  Drac. 

1  14,0  [3 J 

5  27,3 

4  13,3 

Sept. 

23, 1  left  a 

spot  at  3  rev.  1",0;  and  found  (the 

plummet  being  recti- 

fied  to  the  same  spot)  Dec.  22d,  the  index  at  S  rev.  7",5 

;  differ,  being  6"£. 

Dec.  22. 

0  Cass. 

6  10,8  [8]  st.  - 

14  15,3 

8  4.5 

X  — 

13  15,8  [«J 

16  8,8 

2  27,0 

»  Pcrs. 

9  2,3  [6] 

14  0,8 

4  32,5 

12  20,5  [8] 

16  4,2 

817,7 

y  — 

5  2,0  [8] 

12  21,0 

719,0 

28. 

0  Cass. 

4  19,5  [8] 

12  23,5 

8  4,0 
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1738. 

Rev.  // 

Rcr.  II 

Rrr,  ,/ 

■  Cass. 

10  15,0  [8]  st.  - 

15  23,2 

5  8,2 

t  Pers. 

8  11,5  [8] 

11  28,0 

3  16,5 

y  — 

4  28,5  [8] 

12  12,5 

718,0 

a  — 

10  4,5  [8] 

1127,0 

122,5 

Dec.  24. 

T   

8  32,5  [8] 

12  14,5 

8  16,0 

y  — 

6  17,6  [8] 

14  2,8 

7  19,2 

at  — 

14  14,0  18] 

16  3,3 

1  23,3 

28. 

J9  Cass. 

9  14,7  L8] 

17  16,5 

8  1,8 

x  — 

9  0,5  18] 

1124,0 

2  23,5 

■  — 

12  0,5  [8] 

17  8,5 

5  8,0 

t  Pers. 

5   7,0  [8] 

8  22,2 

815,2 

y  — 

1  25,5  [8] 

9  9,5 

7  18,0 

30. 

y  Drac. 

7  28,0  [8]         .  • 

5  4,5 

2  23,5 

Capella 

8  27,0  [6] 

5  21,8 

3  5,2 

18  Camel. 

4  26,5  [6] 

7  7,5 

2  15,0 

8  Aurig. 

9  6,5  [8] 

9  7,8 

0  1,3 

1789. 

35  Camel. 

12  12,0  [8] 

10  17,5 

1  28,5 

Jan.  14. 

y  Drac. 

13  7,5  [8] 

10  13,5 

2  28,0 

Capella 

9  6,5  [8] 

6  8,5 

2  32,0 

18  Camel. 

6  23,0  [6]  ' 

9  6,3 

2  17,3 

8  Aurig. 

7  24,0  [8] 

7  29,0 

0  5,0 

35  Camel. 

3  32,0  [6] 

2  5,8 

1  26,2 

15. 

y  Drac. 

5  1,5  [7] 

2  7,3 

2  28,2 

24. 

0  - 

28  24,0  [8] 

2  0,5 

310,5 

y  — 

6  9,7  [8] 

813,2 

2  30,5 

Feb.  2. 

Capella 

5  6,5  [8] 

2  6,2 

3  0,3 

8  Aurig. 

1  17,2  [8] 

1  24,2 

0  7,0 

35  Camel. 

4  3,5::  dub.  - 

213,5 

1  24,0 

3. 

Capella 

7  9,3  [8]  st.  - 

4  9,8 

3  0,0 

4. 

6  8,5  [9]  st.  - 

3  8,8 

2  33,7 

18  Camel. 

2  9,0  [6] 

4  27,8 

2  18,3 

8  Aurig. 

4  24,3  [8] 

4  31,6 

0  7,3 

35  Camel. 

6  19,3  [8] 

4  29,8 

1  23,5 

6. 

Capella 

9  17,7  [6] 

617,5 

3  0,2 

18  Camel. 

3  20,0  : : 

6  4,5 

218,5 

8  Aurig. 

4  8,0  [7] 

4  14,8 

0  6,8 

35  Camel. 

7  21,0  [7] 

5  31,8 

1  28,2 

April  19.  The  s 

ame  spot  being  brought  to  the  line,  index 

Diff.  =  3",7. 

April  19. 

y  Ura.  Maj. 

12  28,7  [8] 

4  29,7 

7  33,0 
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1739. 


•  Urs,  Maj. 

c  

Alcore 
I  Urs.  M. 

24.  y   

25.  i   

?   


26.  y   

■   

{  Urs.  M. 
Alcore 

■I  Urs.  M. 

Aug.  18.  The 
28  13,5; 

18.  y  Drac 

19.  0  — 

y  — 

20.  0  - 

y  — 

24.    (3  — 

y  — 

26.  0  — 

y  — 

27.  0  - 

y  — 

29.  0  - 
y  — 

30.  0  — 

y  — 


Rev.  i, 

5  4,5  [8] 

6  27,5  [8] 
0 14,5  - 

7  80,5  [8] 

8  5,0  [8]  d.  :: 

9  17,5  [5]  d.  q. 

10  17,0  [6] 
9  21,2  [6] 
9  6,5  [4]: 

11  83.0  [8]  st. 
11   9,2  [8]  st. 

4  30,5 

9  6,5  [8]  st. 
spot  being 


{ 

{ 

{ 
{ 
{ 


7  3,5  [8] 

28  18,5  [8]  st. 

4  9,5  [8]  st. 

29  9,4  [8]  st. 
10  5,5  [7] 
26  26,2  18]  st. 

1  29,3  [7] 
28  14,0  [8]  st. 

2  13,0  [8] 
0  12,0  [8] 

5  31,3  [8]  st. 
26  27,0  [6]  hazy 

8  6,6  [8]  st. 

0  8.2  [7] 

1  19,2  [7] 


Rer.  it 

Rer.  a 

4  25,8 

013,2 

25  27,5 

9  11,0 

27  8,0 

9  24,5 

27  3,0 

614,0 

1  16,5 

27  16,0 

10  14,5 

0  8,5 

7  30,5 

9  8,7 

0  8,8 

011,0 

9  6,5 

0  29,0 

9  22,0 

9  25,0 

0  26,0 

29  9.5 

10  11,7 

8  7,8 

1  13,4 

1  11,5 

7  29,0 

10  8,5 

1  2,0 

2  23,8 

9  9,2 

11  21,5 

0115 

122,0 

9  21,2 

10  18,5 

0  24,7 

1  22,0 

10  18,5 

28  29,5 

10  11,0 

7  27,8 

1  12,7 

to  the  ph 

unbline, 

5  3,5 

2  0,0 

2  26,8 

4  8,8 

2  9,5 

2  0,0 

3  17,6 

4  8,2 

8  4,5 

2  1,0 

0  33,7 

4  7,5 

29  29,4 

133,9 

2  22,0 

4  8,0 

013,3 

133,7 

4  20,3 

4  8,8 

3  31,8 

1  83,5 

1  0,2 

4  IJt 

6  7,4 

1  33,2 

4  15,5 

4  7,8 

29  19,2 

2  0,0 
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1739. 

Rrr.  a 

Rcir.  a 

Rev.  // 

Aug.  31. 

it  Urs.  M. 

5  13  circiter 

4  1,3 

1  11,7 

0  Drac. 

2  13,5  [8]  st.  - 

6  21,3 

4  7,8 

y  — 

10  1,2  [7]  st.  - 

8  1,4 

1  33,8 

Sept.  2. 

£  - 

8  18,6  [7]  st.  - 

7  21,2 

4  7,6 

7  — 

8  23,7  [7]  st.  - 

6  24,4 

1  33,3 

6   5,3  [o]  faint  - 

J  3  25,8 
(  24  28,0 

1  13,5 

1740.  3" 

«  Urs.  Maj. 

10  11,3 

Jan.  20. 

0  Drac. 

28  23,5  [6] 

1  29,7 

3  6,2 

Very  hard 
frost  all  this 

y  — 

8  19.5  [61 

0  20,8 

2  32,7 

y  Per*. 

28  5,2  [6] 

6  7.8 

8  2.0 

a  — 

7  1,0  [6] 

9  6,0 

2  5,0 

9  Aurig. 

10  6,5  [6] 

913,8 

0  26,7 

Capella 

9  24,5  [6] 

6  29,7 

2  28,8 

18  Camel. 

4  24,2  [3] 

714,2 

2  24,0 

8  Aurig. 

7  23.0  [6] 

7  32,0 

0  9,0 

85  Camel. 

7  10,2  [6] 

5  21,6 

1  22,6 

21. 

0  Cass. 

28  16,0  [3] 

7  1,0 

8  19,0 

22. 

t  Per*. 

3  23.7  [6] 

7  21,7 

3  32,0 

y  — 

28  7,5  [8] 

6  8,2 

8  0,7 

a  — 

2  33,5  [8] 

5  3,8 

2  4,3 

26. 

0  Drac. 

1  33,0  [3] 

5  3,5 

8  4,5 

y  — 

7  16,8  [8] 

4  14,5 

3  2,3 

Broke 

the  wire  near  the  bottom,  and  pi< 

:ced  it  again. 

29. 

1  Pcrs. 

1  23,0  [6] 

7  5,0 

5  16,0 

Melted  the  wire  and  put  on  a  new  one,  (wire  all  used  now.) 

Capella 

4  14,4  [8] 

1  18,1 

2  30,8 

18  Camel. 

3  18,0  [8] 

6  7,5 

2  23,5 

May  80. 

.  Urs.  Maj. 

7  4,0  [8]  st.  - 

6  9,5 

0  28,5 

8  8,5  [8]  st.  . 

7  1,5 

1  7,0 

1  ■  

8  17,5  [8] 

6  24,7 

1  26,8 

81. 

i  — — 

8  29,0  [4]  v.  haz. 

7  83,0 

0  30,0 

?   

5  15,7  [8] 

4  9,0 

1  6,7 

5  25,0  [5]  flutt.  - 

3  32,0 

1  27,0 

June  1. 

i  — — 

6  15,8  [8] 

5  20,8 

0  29,0 

?   

5  17,0  [6] 

410,2 

1  6,8 

4  6,7  [6] 

2  13,7 

1  27,0 

2. 

*  Can 

28  29,0  [6] 

3  30,0 

5  1,0 

Capella 

9  13,0  [4]  haz.  - 

6  9,0 

3  4,0 

y  Urs.  M. 

14  21,5  [6] 

(15  8,5 
(  6  7,0 

016,0 
8  14,5 
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1740. 

R*r.  // 

Re».  // 

Rev.  « 

.  Urs.  M. 

6  24,7  [8] 

5  29,7 

0  29,0 

?   

8  11,3  [8] 

7  4,0 

1  7,0 

>)   

7  25,8  [8] 

5  32,0 

1  27,8 

June  8. 

Capclla 

8  16,7  [4]  v.  haz. 

5  11,2 

3  5,5 

y  Urs.  Mi 

4  iy,5  [4 J  haz.  - 

(  5  0,5 

015,0 

(26  4,0 

8  15,5 

i   

0  8,7  [8] 

29  13,7 

0  29,0 

K   

3  13,5  [7] 

2  7,0 

1  6,0 

2  31,0  [8] 

1  5,0 

1  26,0 

1 

Cope!  la 

5  31,5  [3]  v.  haz. 

2  31,2 

3  0,3 

«  Urs.  M. 

4  1,0  [6] 

3  7,7 

0  27,3 

?   

3  12,0  [8] 

2  6,2 

1  5,8 

3  32,0  [8] 

2  6,0 

1  26,0 

6. 

y   

2  27,2  [6] 

S  8,2 

0  15,0 

7  15,0  [6] 

6  21,0 

0  28,0 

^   

7  31,0  [8] 

6  4,0 

1  27,0 

10. 

1  — 

6  20,5  [7] 

5  27,2 

0  27,3 

<   

7  4,5  [8] 

5  33,0 

1  5,5 

5  12,7  [8] 

3  22,3 

1  24,4 

Aug.  9. 

fi  Drac. 

1  17,5  [8] 

5  18,0 

4  0,5 

y  — 

5  23,0  14] 

3  17,5 

2  5,5 

18. 

0  - 

3  11,6  [8]  st.  - 

712,6 

4  1,0 

7  — 

2  6,7  [8]  st.  - 

0  2,5 

2  4,2 

19. 

0  — 

0  0,7  [8]  st.  - 

4  1,7 

4  1,0 

7  — 

5  16,0  [8]  st.  - 

3  11,8 

2  4,2 

81. 

0  — 

0  10,1  [8] 

4  12,3 

4  2,2 

6  3,5  [8] 

4  0,3 

2  3,2 

24. 

0  — 

29  27,9  [8]  st.  - 

3  29,1 

4  1,8 

y  — 

4  9,0  [8]  st.  - 

2  4,8 

2  4,2 

25. 

£  — 

29  4,3  [8]  st.  - 

3  6,3 

4  2,0 

y  — 

4  16,0  [6] 

2  13,0 

2  3,0 

28. 

0  - 

1  25,0  [8]  st.  - 

5  26,5 

4  1,5 

r  — 

6  26,0  [8]  st.  - 

4  22,5 

2  3,5 

29. 

^  - 

3  20,7  [8]  st.  - 

7  22,4 

4  1,7 

7  — 

9  30,0  [8]         -  . 

7  25,6 

2  4,4 

80. 

7  — 

9  30,5  [8] 

7  26,7 

2  3,8 

Sept.  5. 

0  - 

1  13,2  [4]  haz.  - 

5  13.2 

4  0,0 

r  — 

4  0,8  [8]  st.  ■ 

1  31,2 

2  3,6 

8. 

*  - 

2  17,7  [8]  st.  - 

618,7 

4  1,0 

y  — 

7  24,6  [8]  st  - 

5  20,4 

2  4,2 
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1740. 

Re  v.  // 

Kef,  // 

20. 

/3  Drac. 

1  22,7  [8]  st.  - 

5  21.7 

3  33.0 

1741 

v   

J 

7  24,0  [81  flutt.  - 

5  19.5 

2  4.5 

Jan.  26. 

&  — 

r 

0  31,7  [8] 

8  28,7 

2  31  0 

v  — — 

6  14,7  [8] 

3  9,0 

3   5  7 

Capelk 

5  11,2  [8] 

2  22,5 

2  22,7 

Aug.  27. 

/3  Drac. 

30  29,8  [8] 

4  25,0 

3  29,2 

v  — 

4  203  [8] 

2  12,5 

2  8,8 

2a 

^  — 

1  16,8  r6i 

*     v»     L  J 

5  12,0 

3  29  2 

V  — 

8  22,9  [8] 

6  14,5 

2  8,4 

29. 

y  Urs.  Maj. 

7  5,5  [6]  flutt.  - 

6  24,2 

0  15,8 

/3  Drac. 

8  27,5  [8] 

7  22,8 

3  28,8 

t 

2  25,2  [8] 

0  17,0 

2  8,2 

SI 

v  Urs.  Mai 

tt  via.  iuoi- 

1  14.2  rffl  flutt.  . 

0  80  7 

ft  It  K 

R    R  0  fftl 

i»  1<>,  1 

1  or  q 

/3  Drac. 

0  24  0  T81 

4  20  0 

Q  «rt  n 

7  — . 

9    7  1 
*  /,/ 

Sent  1 

i  Urs.  M. 

3  15.7  [61 

1  25J5 

1  24  9 

y  Drac. 

27  28,5  [8] 

25  1Q  H 

2  8.7 

2. 

P 

2  5  R  T81 

A    1  O 

q  On  1 

7 

G   0  2  T81 

4    1  O 

V  1,1/ 

3 

*  Urs.  M. 

7  10.8  T81 

5  20  2 

1  94  fi 

r 

11    1.5  T61  flutt  - 

Q  11! 

9  no 

4. 

? 

5  33.5  T61  flutt.  - 

8  82  5 

9  i  n 

6  16,5  [6] 

3  33  a 

2  17  O 

6. 

/3  Drac. 

29  11,5  rsi  st 

»           L    J  **** 

3  6J5 

S  20  0 

y  — 

4  16.7  f8l 

2   Q  2 

2  7 

*  1,9 

20. 

TlJra.  M. 

4  20  2  T81 

2  11  8 
*  11,0 

2  flA 

21. 

5  2,0  [6]  flutt.  . 

3   5  0 

1  31  O 

5  19,0  161  flutt.  - 

8  11J5 

2  7  *; 

7  5,2  f8l 

5  16  2 

2  23  0 

jS  Drac. 

28  0,8  [8] 

1  2ft  ft 

a  od  n 

■J  /vO,U 

y  — 

4  17,3  [81  st. 

2  8,6 

2  ft.7 

23. 

•  Urs.  If. 

1  13,5  [8] 

29  15,0 

1  32,5 

29  11,3  [8] 

27  8,8 

2  7,5 

n  

30  23,7  [8] 

28  0,5 

2  28,2 

1742. 

y  Drac 

4  16,7  [8]  st.  - 

2  8,1 

2  8,6 

Sept.  5. 

P  - 

29  15,3  [7] 

S  5,0 

8  28,7 

7  — 

5  19,0  [8]  st.  - 

8  9,5 

2  9,5 

6. 

y  Urs.  M. 

2  0,0  [4]  flutt.  - 

0  30,0 

1  4,0 

i  — — — 

1  24,6  [  8] 

2914,1 

2  10,5 

?  Urs.  M. 

8  7,0  [4]  flutt.  - 

018,0 

o  o 
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1742. 

Rct.  /J 

Her  it 

Rev*  ti 

0  Drac. 

1   3,7  [8]  st.  - 

4  27,0 

3  23,3 

1743. 

Sept.  2. 

0  — 

1  24,7  [8]  «t.  - 

5  7,7 

3  17,0 

y  — 

* 

7  18,2  [81  st.  - 

5  3.7 

2  14,5 

3. 

p  — 

25  22,5  [8] 

29  6,0 

3  17,5 

1745. 

Sept.  2. 

0  - 

1  16,5  [6] 

4  2.1,0 

3  6,5 

y  — 

9  21,5  [4] 

7  1,7 

2  19,8 

a. 

y  — 

1  15,5  [9]  st.  - 

28  29,7 

2  19,8 

5. 

f  Urs.  Maj. 

5  17,5  [5] 

1  7,3 

4  10,2 

11  9,0[6Jhaz.  - 

6  11,2 

4  31,8 

0  Drac. 

6  2,5  [8]  st.  - 

9  9,3 

3  06,8 

y  — 

9  18,5  [8] 

6  33,2 

219,8 

By  observations  made  at  Greenwich  with  the  mural  quadrant,  between 
the  10th  and  14th  of  September  1745,  the  difference  between  the  apparent 
zenith  distances  of  y  and  $  Draconis  was  found  to  be  58'  1 6";  which,  being 
by  the  preceding  observations  at  Wansted  and  the  experiments  made  De- 
cember 27th,  1734,  equal  to  103  rev.  32"  by  the  screw,  shews  that  one  revo- 
lution of  the  screw  is  3S",636.  This  result  differs  but  -rVth  of  a  second  in 
six  revolutions  of  the  screw,  from  what  was  before  collected  from  those 


experiments.    I  may  therefore  suppose  that  92  divisions  on  the  plate  of  the 
screw  exactly  correspond  to  91"  of  a  degree,  or  93  div.  to  92". 
1746. 


Sept.  15. 

0  Drac. 

29  15,0  [4]  cl.  - 

2  20,2 

3  5,2 

y  — 

14  32,0  [6] 

12  12,2 

2  19,8 

19. 

.  Urs.  M. 

IS  6,7  [6] 

8  4,5 

5  2,2 

?   

7  7,0  [4]  faint  - 

2  0,0 

5  7,0 

7  27,8  [4]  cL  - 

2  4,5 

5  23,3 

0  Drac. 

1  27,7  [6] 

4  33,2 

3  5,5 

20. 

0  Urs.  M. 

4  83,0  [4] 

6  5,5 

1   6,5  north 

7  0,5:: 

3  8,7 

3  30,8 

\   

5  23,0  [4] 

0  11,5 

5  11,5 

6  29,5  [6] 

1  7,0 

5  22,5 

0  Drac. 

0  80,0  [8J 

4  0,0 

3  4,0 

y  — 

6  10,0  [8] 

3  25,0 

2  19,0 

23. 

y  Urs.  M. 

9  18,5  [4] 

5  20,8 

3  81,7 

1747. 
Feb.  27. 

f   

6  2,0  [6] 

0  82,5 

5  3,5 

3  Cass. 

1   9,0  [8] 

)  4  31,5 
t  5 

3  22,5  north  32  15 
3  27,5 

B   

5  23,7  [8] 

6  23,2 

0  33,5         34  50 
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1747.  Her.  ii  Rer.  «  Rct.  // 

aPers.  2  26,0  [8]  too  near  8  6,5::  5  14,5 

Capella         7  27,5  [8]  too  bright  6  20,5  1  7,0 

I  Auriga?       5 18,0  [6]         -  6  23,2  1   5,2  north 

85  Camel.      4  33,7  [8]         -  4  1,0  q.  0  32,7 

0  Urs.  M.     8  20,0  [7]         -  4  30,0  ::  1  10,0  north  32  15 

•  /    Rer.  .<  •     i     Rer.  « 

84  50  |  3  23,2  |  84,55  |  12  19,2   Diff.=8  80  windy. 

y  Urs.  M.     8  83,7  [8]         -  4  19,7   '  4  14,0 

.    6  32,0  [4]  cl.     -  1  6,5  6  25,5 

•  >     Rer. «  •    »      Rer.  » 

32  15  I  1  10,7  I  82  20  I  10  8,7    Diff.=8  32,0. 


34  50  I  0  81,5  I  34  55  |   9  28,2   Diff.=8  30,7. 
I  found  upon  examination,  that  the  north  end  of  the  arch  on  which  the 
points  are  made  is  at  present  about  ^th  of  an  inch  farther  from  the  centre 
of  the  axis  than  the  south  end. 

Aug.  81.  yDrac.         4 18,5  [8]         -  183,5        2  19,0 

Aug.  31.  I  found  the  shutter  open,  the  string  being  broken ;  but  no  rain 
seemed  to  have  fallen  upon  the  instrument,  because  the  papers  on  the  arc 
litiil  not-  Ijt^tMi  WL'ttc.I. 

Sept.  1.   /SDrac.         0  23,3  [8]         -  8  25,8        3  2,5 

32  15  |  29  29,8  |  32  20  |  8  28,0   Diff.=8  32,2 

yDrac.         7  20,2  [9]         -  5  1,0  219,2 

The  nut  that  moves  the  limb  to  or  from  the  plumbline  not  turning  with- 
out great  force,  I  oiled  the  screw,  but  not  finding  it  to  work  any  better,  I 
endeavoured  to  take  off  the  whole  in  order  to  rectify  what  was  amiss ;  but 
upon  trial,  I  found  that  whilst  the  telescope  remained  suspended,  I  could 
only  unscrew  the  female  part  of  the  screw  that  was  fastened  to  the  sliding 
piece  that  carries  the  rollers.  But  this  being  detached,  I  could  then  easily 
push  the  limb  in  or  out,  so  as  to  bring  it  to  a  proper  distance  from  the 
plumbline.  I  likewise  rotated  the  telescope  about,  (by  near  h  a  turn  of  the 
screw  at  the  top,)  so  as  to  bring  the  south  roller  to  bear  against  the  fixed 
brass  arch,  when  the  telescope  was  nearly  vertical ;  and  afterwards  brought 
the  top  of  the  telescope  a  little  more  easterly,  that  the  plumbline  might  be 
enough  to  the  limb  at  the  south  end. 

•    i     Rer.  ■         .    i    Rer.  «  Rer. » 

82,30  |  28  30,3  |  32  35  |  7  27,5   Diff.=8  31,2. 

o  o  2 
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1747. 

Sept.  2. 


Going  out 
3.     34  46  | 


0.0  [4]fi 
6  86,7  [6] 
0  87.0  [9] 
6  30,7  [10] 
6  85,5 
6  28,0 


8910,0 
0  21,8 
3  30,5 
411,7 


Rer.  ,i 

5  24,0 

6  5,5 
3  3,5 
2  19,0 


Rev.  h  *     i      Rer.  » 

26  20  |  34  50  |  5  16 


|  34  55  | 


Rev.  "  ( 

14  13  j 


Rer. «. 


8  30,0 
8  31,0 


37  30 

Rer.  « 

25  16,1 

37  45 

Rer.  « 

21  7,5 

Rer. 

Diff.  =  26  25,4 

37  45 

24  32,5 

38  0 

21  24,2 

Diff.=26  25,7 

38  0 

24  3,6 

3815 

20  31,0 

Diff.=26  27,4 

3815 

24  17,8 

38  25 

12  13,0 

Diff.  =  17  29,2 

Diff.  between  37°  SO  and  38s  25'  is =98  5,7 


3. 


iUh.1L      4  26,0  [3]  cL     -  29  2,5       5  23,5 

,   6 17,7  [6]        -  013,7       6  4,0 

By  the  experiments  made  Sept  3d,  and  the  observations  made  this 
month  on  0  and  y  Drue,  their  apparent  distance  from  each  other  was 
103  rev.  26",8  by  the  instrument  at  Wansted.  The  apparent  distance  of  the 
same  stars  was  at  the  same  time  observed  at  Greenwich  to  be  (by  the  mural 
quadrant)  58'  9"£-  This  gives  one  revolution  of  the  screw  =  33  ",6213. 
Hence  90  divisions  on  the  index  of  the  micrometer  is  89 ". 


The  importance  of  the  Wansted  Observations  made  it  right  in  printing  them  to  ad- 
here as  closely  as  possible  to  the  original ;  but  as  some  variations  have  been  thought 
advisable,  it  is  proper  to  state  the  full  extent  of  them. 

It  was  found  necessary  sometimes  to  make  a  slight  transposition;  as  for  example,  in 
the  observation  of  J  Cephei  in  page  214,  where  19  0,9  is  made  to  range  with  the  column 
to  which  it  belongs,  instead  of  being  left,  as  it  was  written,  immediately  after  30'  6 ". 

The  particular  division  on  the  limb  with  which  the  position  of  the  stars  was  compared 
is  repeatedly  given  in  the  earlier  part  of  the  collection.  Of  these  there  were  three 
which  have  been  corrected :  in  p.  210,  35°  4CC  is  assigned  to  <r  Cass,  although  34°  45"  is 
the  quantity  annexed  to  the  observation  in  the  manuscript;  in  p.  211,  for  X  Cats. 
36°  55'  has  been  in  the  same  manner  substituted  for  34°  55';  and  in  p.  216,  38°  30'  in- 
stead of  33s  SO  has  been  annexed  to  «  Ursae  Majoris. 

Again,  we  read  in  the  manuscript, 
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17*7,     .O-..  U2«,    eDnc               17S8,     4  Dn*.  1728,  31  On.  \W 

Sept.  11.  2.  _  Feb.  16.  .  Dmc-            March  7-    .  -  Ap.  16.  t   

I    _  y   -                           y  - 

I  — 

1728,     21  Can.  Vena*.  1728,    <  tJercuL               1729.    38  Camel. 

May ».  t    Aug.  12.  f    Oct.  8. 

«   —  y  Drac. 

Now  in  each  of  these  instances  there  is  an  oversight  which  is  so  evident  that  there 
could  be  no  doubt  about  correcting  it,  as  may  be  seen  in  the  printed  text,  and  in  pages 
204,  214,  lw  has  been  given,  although  *  simply  appears  in  the  MS.  The  same  ought  to 
have  been  done  in  p.  206.  but  the  error  was  not  observed  in  time. 

There  are,  however,  two  other  stars  which  could  not  be  so  easily  disposed  of.  In 
1727,  we  find  observations  on  Sept.  9, 14, 15  and  19,  of  what  is  called  136  Draconis,  and 
on  the  30th  of  Aug.  and  1st  of  Sept.  we  meet  with  138  Draconis,  although  the  whole 
constellation  contains  but  80  stars  in  Flamsteed's  Catalogue,  to  which  Bradley  always 
refers.  The  numbers  are  too  clearly  written  for  it  to  be  possible  that  any  mistake  has 
been  made  in  reading  them,  and  some  other  cause  must  be  sought  for  to  solve  the  diffi- 
culty. We  may  assume  that  the  observations  were  registered  in  the  order  in  which 
they  were  made,  and  from  thence  it  appears  that  both  the  stars  in  question  passed  the 
meridian  after  d  Draconis  and  before  *  Cygni.  Their  right  ascensions  therefore  must 
lie  between  277°  and  288°:  moreover,  136  was  compared  with  the  approximate  N.  P.  D. 
of  S4»  40'  *,  and  138  with  that  of  3T.b  These  quantities  will  answer  very  well  to  the 
49lh  and  51st  of  Draco  in  Flam  steed,  and  there  is  a  circumstance  which  might  very 
probably  have  occasioned  the  mistake  which  appears  to  have  been  made.  In  the  3d  vol. 
of  the  Historia  Coelestis  there  is  no  column  of  numbers  annexed  to  the  British  Catalogue, 
and  it  is  necessary  to  reckon  on  from  the  beginning  of  each  constellation  to  find  the 
particular  star  which  may  be  wanted.  Now  Ursa  Major,  which  immediately  precedes 
Draco,  contains  87  stars,  and  874-49=136,  87  +  51  =  138.  It  is  not  difficult,  therefore, 
to  imagine  that  the  reckoning  by  some  oversight  might  have  been  begun  with  Ursa  in- 
stead of  Draco,  and  the  difference  is  immediately  accounted  for.  There  are  likewise 
some  loose  sheets  of  paper  on  which  Bradley  had  written  his  observations  (up  to 
Sept.  15, 1727)  before  he  copied  them  out  more  fully  in  his  book.  In  these  me- 
moranda 138  is  mentioned  as  observed  on  the  30th  of  August,  at  18h.  58*  S.  T.  which 
will  answer  very  nearly  to  the  R.  A.  of  51  Draconis.  All  therefore  seems  to  point  to 
the  same  corrections ;  but  as  they  rest  only  on  conjecture,  they  have  not  been  admitted 
into  the  text. 

In  p.  223,  line  15,  V  is  added  to  1  %  which,  by  some  evident  omission,  is  the  whole 
which  is  stated  in  the  MS.   And  in  p.  284,  line  8,  5  is  substituted  for  4  rev. 

In  printing  the  observations  themselves,  the  greatest  care  has  been  taken  to  preserve 
every  figure  exactly  as  it  was  written.    It  may  be  thought  that  this  has  been  done  too 

•See  page  21 1.  b  See  page  207. 
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scrupulously,  when,  as  in  page  285,  line  9,  the  0  is  retained  in  the  first  place  of  the 
seconds;  but  it  was  observed  that  the  cipher  was  generally  introduced  in  these  cases  to 
obliterate  what  had  been  found  to  be  wrong,  (as,  in  the  instance  just  alluded  to,  the 
quantities  had  been  originally  written  14",6  and  15",8,)  it  appeared  therefore  that  there 
was  a  possible  use  in  retaining  it. 

The  difference  of  the  quantities  in  the  first  and  second  columns  is  given  in  the  third : 
after  the  proof  sheets  had  been  compared  with  the  original,  the  actual  subtraction  was 
therefore  made  for  every  single  observation,  and  the  differences  for  each  particular  star 
were  compared  together;  by  this  means  some  discrepancies  were  detected,  but  when 
they  were  found  to  belong  to  the  manuscript,  which  in  these  cases  was  always  referred 
to,  no  correction  was  attempted.  Generally,  indeed,  none  could  have  been  devised  with 
any  certainty.  For  example,  on  April  17, 1728,  the  true  difference  for  Ursie  Maj.  is 
0  23,3  and  not  0  23,0;  but  there  are  no  means  of  ascertaining  whether  the  mistake  was 
made  in  the  subtraction,  or  in  copying  out  the  entries  from  the  paper  on  which  the 
observation  was  originally  noted.  Again,  on  Sept.  12, 1731,  the  subtraction  for  n  Ursa; 
is  right ;  but  the  quantity  in  the  third  column  ought  to  be  6  15,5  instead  of  5  15,5.  We 
can,  however,  advance  no  farther,  for  there  is  the  general  difficulty  in  determining 
whether  it  is  the  first  or  the  second  column  to  which  the  correction  ought  to  be  applied. 
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Demonstration  of  the  Rules  relating  to  the  Apparent  Motion  of  the 
Fixed  Stars  upon  account  of  the  Motion  of  Light. 


If  we  suppose  the  distance  of  the  fixed  stars  from  the  sun  to  be  so  great 
that  the  diameter  of  the  earth's  orbit  viewed  from  them  would  not  subtend  a 
sensible  angle,  or  which  amounts  to  the  same,  that  their  annual  parallax  is 
quite  insensible ;  it  will  then  follow  that  a  line  drawn  from  the  earth  in  any 
part  of  its  orbit  to  a  fixed  star,  will  always,  as  to  sense,  make  the  same  angle 
with  the  plane  of  the  ecliptic,  and  the  place  of  the  star,  as  seen  from  the 
earth,  would  be  the  same  as  seen  from  the  sun  placed  in  the  focus  of  the 
ellipsis  described  by  the  earth  in  its  annual  revolution,  which  place  may 
therefore  be  called  its  true  or  real  place. 

But  if  we  further  suppose  that  the  velocity  of  the  earth  in  its  orbit  bears 
any  sensible  proportion  to  the  velocity  with  which  light  is  propagated,  it  will 
thence  follow  that  the  fixed  stars  (though  removed  too  far  off  to  be  subject 
to  a  parallax  on  account  of  distance)  will  nevertheless  be  liable  to  an  aberra- 
tion, or  a  kind  of  parallax,  on  account  of  the  relative  velocity  between  light 
and  the  earth  in  its  annual  motion. 

For  if  we  conceive  (as  before)  the  true  place  of  any  star  to  be  that  in 
which  it  would  appear  viewed  from  the  sun,  the  visible  place  to  a  spectator 
moving  along  with  the  earth,  will  be  always  different  from  its  true,  the  star 
perpetually  appearing  out  of  its  true  place  more  or  less,  according  as  the 
velocity  of  the  earth  in  its  orbit  is  greater  or  less ;  so  that  when  the  earth  is 
in  its  perihelion,  the  star  will  appear  farthest  distant  from  its  true  place,  and 
nearest  to  it  when  the  earth  is  in  its  aphelion;  and  the  apparent  distance  in 
the  former  case  will  be  to  that  in  the  latter  in  the  reciprocal  proportion  of 
the  distances  of  the  earth  in  its  perihelion  and  its  aphelion.  When  the  earth 
is  in  any  other  part  of  its  orbit,  its  velocity  being  always  in  the  reciprocal 
proportion  of  the  perpendicular  let  fall  from  the  sun  to  the  tangent  of  the 
ellipse  at  that  point  where  the  earth  is,  or  in  the  direct  proportion  of  the 
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perpendicular  let  fall  upon  the  same  tangent  from  the  other  focus,  it  thence 
follows  that  the  apparent  distance  of  a  star  from  its  true  place,  will  be 
always  as  the  perpendicular  let  fall  from  the  upper  focus  upon  the  tangent 
of  the  ellipse.  And  hence  it  will  be  found  likewise,  that  (supposing  a  plane 
passing  through  the  star  parallel  to  the  earth's  orbit)  the  locus  or  visible 
place  of  the  star  on  that  plane  will  always  be  in  the  circumference  of  a 
circle,  its  true  place  being  in  that  diameter  of  it  which  is  parallel  to  the 
shorter  axis  of  the  earth's  orbit,  in  a  point  that  divides  that  diameter  into 
two  parts,  bearing  the  same  proportion  to  each  other,  as  the  greatest  and 
least  distances  of  the  earth  from  the  sun. 

Let  PTA  (Fig.  6.)  represent  the  ellipse  described  by  the  earth  about  the 
sun,  placed  in  the  focus  at  S;  F  the  other  focus,  A  the  aphelion,  and  P  the 
perihelion  of  the  earth.  Upon  the  greater  axis  of  the  ellipse  (as  a  diameter) 
describe  a  circle  PNOA.  Let  T  represent  the  place  of  the  earth  in  its  orbit, 
NTO  the  tangent  at  the  point  T  cutting  the  circle  in  N  and  O,  then  by  the 
property  of  the  ellipse  the  lines  SN,  FO  drawn  from  the  foci  8,  F  to  the 
points  N  and  O  will  be  perpendicular  to  the  tangent  NO,  and  the  velocity  of 
the  earth  in  its  orbit  will  be  reciprocally  as  SN,  or  directly  as  FO.  We  may 
therefore  consider  the  earth  when  in  the  point  T  as  moving  in  the  direction 
of  the  tangent  NTO  with  a  velocity  proportional  to  FO,  and  since  the  al- 
teration of  a  star's  place  on  account  of  the  motion  of  light  is  proportional  to 
the  earth's  velocity,  (that  of  light  being  supposed  always  the  same,)  and  this 
alteration  being  made  that  way  towards  which  the  earth  moves ;  if  we  con- 
ceive S  to  represent  the  true  place  of  a  star,  and  through  S  draw  SM  parallel 
to  NTO,  the  line  in  which  the  earth  is  moving  when  'tis  at  the  point  T,  the 
star  will  appear  somewhere  in  the  line  SM,  and  if  SM  be  always  taken  pro- 
portional to  FO  or  the  earth's  velocity,  then  M  will  represent  the  point  in 
which  the  star  will  appear. 

Now  SM  and  FO  being  by  construction  always  at  right  angles  to  each 
other,  and  bearing  a  constant  proportion  to  one  another,  the  extremities  of 
those  lines  must  necessarily  describe  similar  figures  about  the  respective 
points  F  and  S.  But  the  point  O  is  always  in  the  circumference  of  the  circle 
PNO:  therefore  the  point  M  will  be  likewise  in  the  circumference  of  a  circle 
MRQV. 

And  the  lines  SM,  SR,  SV,  having  a  given  proportion  to  the  lines  FO, 
FA,  FP,  &c.  and  always  at  right  angles  with  them,  it  follows  that  the 
diameter  RV  of  the  circle  MRQV  will  be  divided  in  the  point  S  in  the  same 
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proportion  as  the  diameter  PA  of  the  circle  PNOA;  that  is,  in  the  propor- 
tion of  the  earth's  perihelion  distance  to  its  aphelion  distance.  Hence  if  we 
suppose  SM  =  FO  and  at  right  angles  to  it,  the  locus  of  the  point  M  will  be 
a  circle  whose  diameter  RV  =  the  greater  axis  of  the  ellipse,  and  the  point  S, 
representing  the  true  place  of  the  star,  will  divide  the  diameter  RV,  that  is 
at  right  angles  to  the  greater  axis  of  the  earth's  orbit,  in  the  same  propor- 
tion as  that  axis  itself  is  divided  in  the  point  S,  considered  as  its  focus.  So 
that  SA  =  SV,  and  SP  =  SR,  and  when  the  earth  is  in  its  aphelion  A,  the 
visible  place  of  the  star  will  be  at  R,  its  visible  distance  being  =  8R  =  FA; 
but  when  the  earth  is  in  its  perihelion  at  P,  the  star's  visible  place  will  be 
at  V,  and  its  visible  distance  from  its  true  place  S  will  be  8V.  Hence  then 
it  appears,  that  if  we  conceive  planes  parallel  to  that  of  the  ecliptic  passing 
through  any  fixed  stars,  the  locus  visibilis  in  such  planes  of  each  star  will  be 
the  circumference  of  a  given  circle,  each  star  having  an  apparent  motion 
about  its  true  place,  which  may  be  represented  by  a  point  in  that  diameter 
of  the  circle  that  is  parallel  to  the  lesser  axis  of  the  earth's  orbit,  which 
divides  it  in  the  proportion  as  perihelion  distance  of  the  earth  to  its  aphelion 
distance,  and  the  star  will  appear  in  that  extremity  of  the  diameter  which  is 
least  distant  from  the  point  representing  the  true  place  when  the  earth  is  in 
its  aphelion,  and  at  the  other  extremity  when  the  earth  is  in  its  perihelion ; 
that  is,  when  the  earth  is  at  A,  that  the  star  will  appear  as  at  R;  and  when 
at  P,  the  star  will  appear  at  V. 

In  both  these  cases  the  visible  place  of  the  star  (considered  as  viewed  from 
the  point  S,  which  represents  its  true  place,  and  about  which  it  seems  to  have 
an  annual  motion  in  the  circumference  of  the  circle  RVM)  is  just  90  degrees 
behind  the  sun's  true  place ;  but  when  the  sun  is  in  any  other  part  of  its 
orbit,  t,h<"  star's  visible  place  is  either  more  or  less  than  90  degrees  behind 
the  sun's  true  place ;  viz.  more  whilst  the  earth  moves  from  its  perihelion  to 
its  aphelion,  and  less  whilst  'tis  moving  from  the  aphelion  to  the  perihelion. 
Thus  the  angle  BSM,  which  represents  the  difference  between  the  star  s 
visible  place  and  the  sun's,  is  greater  than  90°,  the  earth  at  T  being  going 
towards  the  aphelion. 

The  difference  between  the  angle  BSM  and  90°  is  always  equal  to  half 
the  angle  STF  made  by  the  lines  TF,  TS  drawn  from  the  earth  at  T  to  the 
foci  of  its  orbit.  For  MSQ  being  parallel  to  the  tangent  NTO,  and  SN  per- 
pendicular to  it,  the  angle  BSM  =  QST  is  greater  than  the  right  angle  QSN 
by  the  angle  NST  =  by  the  property  of  the  ellipse  to  half  the  angle  STF. 
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Hence  the  distance  of  the  earth*  from  its  aphelion  or  perihelion  being 
given  and  the  excentricity  of  its  orbit,  the  angle  NST  may  be  found,  which, 
added  to  or  subtracted  from  90  degrees,  as  the  case  requires,  will  give  the 
angle  MSB. 

From  the  same  data  may  be  found  the  perpendicular  FO,  which  is  propor- 
tional  to  the  earth's  velocity  at  T,  and  to  which  SM  is  in  a  constant  ratio. 

Knowing  therefore  the  diameter  RV  =  40"£,  we  may  find  SM  and  the 
angle  BSM,  having  the  sun's  place,  Sec. 

The  following  Table  contains  the  equation,  which,  added  to  or  subtracted 
from  the  sun's  place,  will  give  the  longitude  of  a  point  90°  or  3*  before  M, 
as  also  the  line  SM  in  such  parts  as  the  diameter  RV  contains  40"^,  which  is 
supposed  equal  to  the  diameter  of  the  circle  described  by  a  star  on  account 
of  the  motion  of  light. 
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Let  it  be  required  to  find  the  situation  of  the  point  M  and  the  distance 
SM,  when  the  sun's  longitude  is  10*  15'. 

Here  the  equation  to  be  subtracted  being  34'  25"\  the  equated  place  of 
the  sun  will  be  10*  14°  25'  35",  and  the  longitude  of  the  point  M  will  be 
7*  14°  25'  35",  and  SM  =  20",52. 

Now  since  'tis  supposed  that  the  plane  in  which  the  circle  MRBV  lies, 
and  in  which  the  point  M  moves,  passes  through  the  star  parallel  to  the 
plane  of  the  ecliptic,  if  we  imagine  S  the  true  place  of  the  star,  and  QSO 
(fig.  7.)  the  intersection  of  this  plane,  with  another  at  right  angles  to  it 
passing  through  the  pole  of  the  ecliptic  and  the  star's  true  place,  which  may 
be  called  the  plane  of  the  star's  longitude,  when  the  point  M  coincides  with 
the  points  O  and  Q,  the  star's  visible  longitude  will  be  the  same  as  its  true ; 
but  in  any  other  situation  of  the  point  M  the  visible  longitude  will  be 
different  from  the  true.  When,  therefore,  the  sun's  place,  equated  as  before, 
precedes  the  star's  true  longitude  just  3*  or  9".  the  star's  visible  longitude 
will  be  the  same  as  its  true,  the  parallax  in  longitude  in  both  those  cases 
vanishing,  and  the  point  M  coinciding  with  the  points  O  or  Q ;  but  in  any 
other  situation  of  the  sun  there  will  be  a  parallax  of  longitude,  viz.  to  be 
added  when  the  sun's  place  equated — star's  longitude  is  between  3»  and  9% 
and  the  contrary  when  between  9*  and  3*. 

If  through  S  be  drawn  CSN  at  right  angles  to  QSO,  this  may  represent 
the  parallel  of  latitude  passing  through  the  star's  true  place ;  when,  there- 
fore, the  point  M  coincides  with  N  or  C,  the  apparent  latitude  of  the  star 
will  be  the  same  as  its  true;  but  in  any  other  situation  of  the  point  M,  there 
will  be  a  parallax  of  latitude  to  be  subtracted  whilst  the  point  M  is  moving 
from  N  through  O  to  C,  and  the  contrary  whilst  M  is  moving  from  C 
tlirough  Q  to  N. 

Now  the  longitude  of  the  point  M  being  always  90°  behind  the  sun's 
equated  place,  when  the  sun's  equated  place  is  in  O,  that  is.  when  the  sun's 
equated  place  is  the  same  with  the  star's  true  longitude,  the  point  M  will  be 
at  N,  therefore  then  the  true  and  visible  latitude  will  be  the  same ;  as  it  will 
also  when  M  comes  to  C,  in  which  case  the  sun's  equated  place  will  be  at  Q. 
80  that  when  the  sun's  equated  place  is  either  in  conjunction  with  or  oppo- 
sition to  the  star  in  longitude,  there  will  be  no  parallax  of  latitude,  but  in 
every  other  situation  of  the  sun  there  will,  the  star's  visible  latitude  being 
less  than  the  true,  while  M  is  passing  from  N  to  C,  that  is,  from  the  eon- 
*>  The  number*  in  the  original  are  36'  25";  10*  14-  23'  25"  and  7«  14«  23'  35". 
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junction  of  sun's  equated  place  with  the  star,  to  its  opposition  thereto;  and 
the  contrary,  from  the  opposition  to  the  conjunction. 

Whilst,  therefore,  the  distance  of  the  sun's  equated  place  from  the  star's 
longitude  is  between  0»  and  6',  the  parallax  must  be  subtracted,  and  the 
contrary  whilst  the  sun's  equated  place  from  the  star  is  greater  than  6  and 
less  than  12  signs. 

Hitherto  we  have  considered  the  apparent  motion  of  the  star  about  its 
true  place,  as  made  only  in  a  plane  parallel  to  the  ecliptic,  in  which  case  it 
appears  to  describe  a  circle  in  that  plane;  but  since,  when  we  judge  of  the 
place  and  motion  of  a  star,  we  conceive  it  to  be  in  the  surface  of  a  sphere, 
whose  centre  is  our  eye,  'twill  be  necessary  to  reduce  the  motion  in  that 
plane  to  what  it  would  really  appear  on  the  surface  of  such  a  sphere,  or 
(which  will  be  equivalent)  to  what  it  would  appear  on  a  plane  touching 
such  a  sphere  in  the  star's  true  place.  Now  in  the  present  case,  where  we 
conceive  the  eye  at  an  indefinite  distance,  this  will  be  done  by  letting  fall 
perpendiculars  from  each  point  of  the  circle  on  such  a  plane,  which  from  the 
nature  of  the  orthographic  projection  will  form  an  ellipsis,  whose  greater 
axis  will  be  equal  to  the  diameter  of  that  circle,  and  the  lesser  axis  to  the 
greater  as  the  sine  of  the  star's  latitude  to  the  radius,  for  this  latter  plane 
being  perpendicular  to  a  line  drawn  from  the  centre  of  the  sphere  through 
the  star's  true  place,  which  line  is  inclined  to  the  ecliptic  in  an  angle  equal 
to  the  star's  latitude ;  the  touching  plane  will  be  inclined  to  the  plane  of  the 
ecliptic  in  an  angle  equal  to  the  complement  of  the  latitude.  But  it  is  a 
known  proposition  in  the  orthographic  projection  of  the  sphere,  that  any 
circle  inclined  to  the  plane  of  the  projection,  to  which  lines  drawn  from  the 
eye,  supposed  at  an  infinite  distance,  are  at  right  angles,  is  projected  into 
an  ellipsis,  having  its  longer  axis  equal  to  its  diameter,  and  its  shorter  to 
twice  the  cosine  of  the  inclination  to  the  plane  of  the  projection,  half  the 

Such  an  ellipse  will  be  formed  in  our  present  case,  if  from  each  point  of 
the  circle,  as  M,  be  let  fall  a  perpendicular  MD  (fig.  8.)  upon  the  line  CSN, 
the  common  intersection  of  the  planes ;  (which  may  likewise  here  be  con- 
ceived as  the  parallel  of  latitude  passing  through  the  star's  true  place  S) 
and  DM  be  divided  in  G,  so  that  DM :  DO  ::  radius  :  the  sine  of  the  star's 
latitude,  for  the  point  G  will  by  its  motion  describe  an  ellipsis  whose  greater 
axis  is  equal  to  the  diameter  of  the  circle  CONQ,  and  whose  lesser  is  to  the 
greater  as  the  sine  of  the  star's  latitude  to  the  radius. 
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If  the  point  S  were  in  the  centre  of  the  circle,  it  would  he  so  likewise  of 
the  ellipse,  and  in  that  case  the  star  would  appear  to  describe  an  ellipsis 
whose  greater  axis  was  to  the  less  as  the  radius  to  the  sine  of  its  latitude, 
the  star's  true  place  being  in  the  centre  of  that  ellipse,  the  greater  axis  coin- 
ciding with  the  parallel  of  latitude  drawn  through  tin-  star ;  and  this  would 
be  the  case  if  the  earth's  velocity  in  its  orbit  was  always  the  same ;  but  since 
it  is  not,  the  point  S  representing  the  true  place  of  the  star  will  be  always 
out  of  the  centre  of  the  circle  OCQN,  and  likewise  of  the  ellipse  which  the 
star  seems  to  describe  about  its  true  place ;  and  the  longer  axis,  instead  of 
coinciding  with  CSN,  the  parallel  of  latitude'  drawn  through  the  true  place 
will  be  parallel  to  it ;  but  in  other  respects  the  ellipse  will  be  in  every  thing 
the  same. 

But  without  considering  the  situation  of  the  centre  of  the  ellipse,  we  may 
find  the  difference  between  the  true  and  apparent  place  of  the  star  at  any 
given  time,  by  supposing  that  M  is  the  apparent  place  in  the  circle  found  as 
before  described,  this  reduced  to  the  plane  touching  the  surface  of  the  globe 
will  be  represented  by  the  point  G  in  the  ellipse,  so  that  SG  will  be  the 
apparent  distance  of  the  star  from  its  true  place  S,  as  seen  from  the  earth  or 
sun. 

Now  DGM  being  perpendicular  to  CSN  the  parallel  of  the  star's  true 
latitude,  D6  will  be  the  parallax  of  latitude,  and  DS  the  arc  intercepted  be- 
tween the  circles  of  longitude  passing  through  the  true  and  apparent  longi- 
tudes of  the  star,  which  arc  will  be  to  the  parallax  of  longitude  as  the  cosine 
of  the  star's  latitude  to  the  radius.  Hence  MS  being  given,  and  the  angle 
M80,  DG  and  DS  may  be  found,  and  therefore  the  parallax  in  latitude  and 
longitude  for  any  given  time. 

MS  being  the  radius,  DS  is  =  sine  of  the  angle  DMS  =  MSO;  but  from 
what  has  already  been  said,  the  sine  of  MSO  is  =  to  the  cosine  of  the  sun's 
equated  longitude  from  the  star's  =  cosine  i  BSO ;  therefore  MS  :  DS  : :  rad. : 
cosiue  BSO ;  but  it  was  before  observed  that  DS  is  to  parallax  of  longitude 
as  the  cosine  of  the  star's  latitude  to  the  radius,  therefore  the  cosine  of  the 
star's  latitude  is  to  the  cosine  of  BSO,  (  =  to  sun's  equated  place  from  the 
star,)  so  is  SM  to  the  parallax  of  longitude. 

Hence  if  SM  were  a  constant  quantity,  that  is,  if  the  earth's  velocity  was 
always  the  same,  the  parallax  of  longitude  upon  account  of  the  motion  of 
light  would  be  always  as  the  cosine  of  the  sun's  longitude  from  the  star's ; 

c  "  Declination"  in  the  MS. 
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whereas  the  parallax  of  longitude  on  account  of  distance  would  be  as  the 
sine  of  the  sun  from  the  star. 

Again,  MS :  MD  : :  rad.  :  sine  MSD,  and  by  the  construction 
MD  :  GD : :  rad. :  sine  latitude  of  the  star;  therefore 
rad.' :  sine  MSD  x  sine  latitude  : :  MS  :  GD  =  to  the  parallax  of  lati- 
tude, but  the  sine  of  DSM  is  equal  to  the  sine  of  BSO,  the  sun's  distance  from 
the  star;  the  angle  DSM  being  =  OST,  the  complement  of  BSO  to  180°. 

Hence  if  SM  were  a  constant  quantity,  DG  the  parallax  of  latitude  would 
be  as  the  sine  of  sun  from  the  star,  whereas  the  parallax  of  latitude  on 
account  of  distance  is  as  the  cosine  of  the  sun's  distance  from  the  star. 

Whilst  the  point  M  is  passing  from  N  through  O  to  C,  the  apparent  place 
of  the  star  G  is  nearer  the  ecliptic  than  S,  the  true  place,  and  the  parallax  of 
latitude  is  to  be  subtracted;  and  the  contrary  while  it  is  passing  from  C 
through  Q  to  N.  Now  SM  being  always  at  right  angles  to  TSB,  the  sun's 
equated  place,  when  M  is  at  N,  B  will  be  at  O ;  that  is,  M  will  be  at  N 
when  the  sun's  equated  place  is  the  same  as  the  star's  longitude,  therefore 
from  the  time  of  the  conjunction  of  the  sun  (equated  as  before)  with  the  star 
to  its  opposition,  the  parallax  of  latitude  must  be  subtracted,  and  the  con- 
trary from  the  time  of  the  opposition  to  the  conjunction. 

Whilst  M  is  moving  from  O  through  C  to  Q,  the  apparent  longitude  will 
be  greater  than  the  true,  or  the  parallax  of  longitude  added  to  the  true  lon- 
gitude will  give  the  apparent;  that  is,  whilst  the  sun's  equated  place  is 
more  than  S"  and  less  than  9*  from  the  star,  and  the  contrary  when  more 
than  9*  and  less  than  S*. 


Therefore  the  parallax  of  latitude  {°<f  whe"  ,G  -"tar=6'  7'  8'9' \\°  IT 

[  subtracts  when  O  — star=0, 1,  2,  3,  4,  5,  6  signs 

and  parallax  of  longitude  I adds  W',en  0  -«**=*>  4> 5' 6' 7'  8> 9 

ana  panuiax  oi  ™FluacJ,ubtnttUwhcn0  _8tar=9)  10, 11,0, 1. 2,8 signs. 


In  order  to  find  the  parallax  of  declination  and  right  ascension,  let  us 
suppose  as  before  M  (Fig.  9.)d  the  apparent  place  of  the  star  in  the  plane 
parallel  to  the  ecliptic,  the  circle  MBQN  representing  its  motion  in  that 
plane,  and  G  the  star's  apparent  place  on  the  surface  of  the  globe,  or  a  plane 
touching  it  in  the  star's  true  place,  the  ellipse  GCN  representing  the  locus  of 
its  apparent  place  on  that  plane. 

On  this  figure  the  liberty  has  been  taken  of  altering  some  of  the  marks  of  reference :  the 
(>oii.ts  in  the  engraving,  which  are  distinguished  by  b,  c,  d.  e,  f,  >.',  If,  K',  W,  are  denoted  in 
the  MS.  by  I,  5,  2,  3,  4.  '.'>..  2L,  2K.  2W. 
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Through  S  the  star's  true  place  draw  SK,  making  the  angle  CSK  equal  to 
the  angle  of  position,  or  the  angle  at  the  star  made  by  two  great  circles 
passing  through  the  poles  of  the  ecliptic  and  equator;  then  because  CS 
(by  what  has  been  said  already)  represents  the  parallel  of  latitude,  SK  will 
represent  the  parallel  of  declination. 

In  like  manner,  making  the  angle  OSR  =  CSK  or  the  angle  of  position, 
SO  representing  the  circle  of  longitude,  SR  will  represent  the  circle  of  right 
ascension.    The  lines  CS,  SO  being  at  right  angles,  and  the  lines  KS,  RS. 

From  G,  the  star's  apparent  place  in  the  ellipse,  let  fall  GI,  GE  perpendi- 
cular to  SK,  SR;  then  GI  will  be  the  parallax  of  declination  or  the  difference 
between  the  true  and  apparent  declination,  and  GE  =  IS  will  be  the  arc  on 
the  parallel  of  the  star's  declination  intercepted  between  the  circles  of  the 
star's  true  and  apparent  right  ascension,  and  which  will  be  to  the  parallax 
of  right  ascension  as  the  cosine  of  the  star's  declination  is  to  the  radius. 

The  situation  of  the  point  M  and  the  distance  SM  being  found,  as  before 
is  shewn,  IG  and  GE  may  tie  found  also.  For  if  through  K,  where  the 
parallel  of  declination  SK  cuts  the  ellipse,  be  drawn  the  line  LKW  perpen- 
dicular to  SC  the  circle  of  latitude,  meeting  the  circle  in  L,  'tis  evident  that 
when  the  point  M  coincides  with  L,  the  point  G  will  be  in  K,  that  is,  when 
the  point  M  comes  to  L,  the  apparent  declination  of  the  star  will  be  the 
same  as  its  true. 

Now  the  point  L,  or  the  situation  of  the  point  M  when  the  star's  true  and 
apparent  declination  are  the  same,  may  be  found,  having  the  angle  CSK  or 
the  angle  of  position  and  the  star's  latitude ;  for  the  tangent  of  CSK  :  the 
tangent  of  CSL  (as  KW  to  LW  or)  : :  the  sine  of  the  star's  latitude  :  the 
radius.  If  the  line  LS  be  continued  till  it  meet  the  circle  again  in  L',  a  per- 
pendicular let  fall  from  thence  on  CSN  the  parallel  in  latitude  will  cut  the 
ellipse  in  K',  the  same  point  where  the  parallel  of  declination  cuts  it  again ; 
so  that  when  the  point  M  by  its  motion  comes  either  to  L  or  L',  the  true 
and  apparent  declination  will  be  the  same,  but  in  every  other  point  'twill  be 
different. 

The  line  MS  was  before  shewn  to  be  always  at  right  angles  to  the  sun's 
equated  place,  therefore  if  qS»  be  drawn  perpendicular  to  LSI/,  when  the 
point  M  coincides  with  L  the  sun's  equated  place  will  be  at  q,  and  when 
M  coincides  with  L'  the  sun's  equated  place  will  be  at  «.  Now  the  angle 
OSa»  =  QSq  made  by  the  Hues  SO,  S»  supposed  to  pass  through  longitude 
of  the  8 tar,  and  the  sun's  equated  place  is  by  construction  equal  to  the 
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angle  LSC,  which  is  therefore  equal  to  the  difference  of  longitude  between 
the  sun  and  star  when  there  is  no  parallax  of  declination.  If  the  longitude 
of  the  star  be  in  the  ascending  semicircle  of  the  ecliptic,  (which  is  the  case 
represented  in  the  scheme,)  the  point  o>  will  be  farther  back  in  the  ecliptic 
than  the  point  O,  and  the  contrary  in  the  descending  semicircle ;  this  rule 
holds  if  the  star's  latitude  be  north,  but  the  contrary  if  south.  An  angle 
therefore  equal  to  CSL  (found  as  before  described)  subtracted  from  the 
star's  longitude,  (if  in  the  ascending  semicircle,  or  between  9»  and  3%  or 
added  to  it  if  in  the  descending  semicircle,  or  between  3'  and  9*,)  will  give 
what  for  distinction  I  will  call  the  star's  equated  longitude,  or  a  place  in 
the  ecliptic  with  which  the  sun's  equated  place  coinciding,  the  true  and 
apparent  declination  of  the  star  are  the  same. 

The  rule  therefore  for  finding  this  point  is  this ;  let  A  be  the  angle  of 
position,  then  say  the  sine  of  the  star's  latitude  :  radius  : :  tang,  of  A  :  tang, 
of  B. 

If  the  star's  latitude  be  north,  B  must  be  added  in  the  descending  semi- 
circle, and  subtracted  in  the  ascending,  and  the  contrary  if  the  star's  latitude 
be  south;  and  if  the  latitude  of  the  star  be  north,  and  its  longitude  9,  10, 
11,  0,  1,  2,  8  signs  subtracting  B,  but  if  the  latitude  be  north  and  the  longi- 
tude be  3,  4,  5,  6,  7,  8,  9  signs  adding  B  to  the  star's  longitude,  you  will 
have  the  point  in  the  ecliptic  where  the  sun  is  when  the  parallax  of  declina- 
tion vanishes ;  but  the  contrary  if  the  latitude  be  south. 

If  the  point  M  does  not  coincide  with  L  or  L',  letting  the  perpendicular 
MD  fall  on  the  parallel  of  latitude,  it  will  meet  the  ellipse  in  G,  the  star's 
visible  place,  from  whence  letting  fall  GI  perpendicular  to  SK  the  parallel  of 
declination,  this  will  be  the  parallax  of  declination  when  the  line  of  the  sun's 
equated  place  is  at  right  angles  to  SM. 

If  MP  be  let  fall  from  M  perpendicular  to  SL,  then  MP  will  be  to  GI 
(the  parallax  of  declination)  as  the  sine  of  LSC  to  the  sine  of  KSC.e 

For  the  perpendicular  MGD  cutting  the  lines  LS,  KS  in  the  points  a,  0, 
D/3  :  Da  : :  WK  :  WL  : :  DG  :  DM  by  construction  ;  therefore  D/3  :  DG  : : 
Da  :  DM  and  D/3  :  DG-D/3  : :  D«  :  DM -Da;  that  is,  D0  :  £G  : :  D«  :  oM,  or 

„    „        ^      ,,      .D(3    iflG      Da  aM 
Dfl  :  Da  : :  BG  :  aM  and  ,—  =  . .  or  - —  =  — . 
P  p  Da    «M     D/3  /SG 

m  been  omitted  here,  us  it  merely  repeated  what  is  contained  in  the 
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D  .  PM    PM    M«   G|S.,     .    PM    PM    D«  G/3 

But  IG  =  M7  X  G>  X  iG'theref°re  1G  =  MT  X  S]8  *  GI 5  bUt  the 

triangle  PM«  is  similar  to  oDS,  and  GI/3  similar  to  0DS,  ™  =  °?,and°/ 

S/3 ...     -    PM    DS    D*    S/3    D«    S/3    n  .  a  .  ~  . 
=  gD;therefore_  =  ^  *  ^  *  ds=  S«  *        But  S.  :  D«  : :  rad.  :  sme 

LSC,  and  D£  :  80  : :  sine  KSC  :  rad.;  therefore  PM  - Da    S* - sine  LSC 


GI     S*   D$  rad. 

rad.     _  sine  LSC 
sine  KSC 
Again,  SM  :  PM  : :  rad. :  sine  L8M. 
But  PM  :  GI  :  :  sine  LSC  :  sine  KSC ; 
therefore  SM  :  GI  :  :  rad.  x  sine  LSC  :  sine  LSM  •  sine  KSC, 
or  SM  :  GI  :  :  rad.  x  sine  LSC  .  .     .  c.. 
sine  KSC 

Since  then        ^  is  a  given  quantity  in  the  same  star,  the  parallax  of 
sine  KSC 

declination  will  be  to  SM  always  as  the  sine  of  the  angle  LSM;  and  if  SM 
were  a  given  quantity,  (or  the  earth's  velocity  always  the  same,)  the  parallax 
of  declination  would  be  always  as  the  sine  of  the  distance  of  the  point  M 
from  L  or  L' ;  and  when  greatest,  would  be  to  the  semi  transverse  axis  of  the 
ellipse  as  the  sine  of  KSC  to  the  sine  of  LSC ;  that  is,  as  the  sine  of  the 
angle  A  to  the  sine  of  the  angle  B  before-mentioned. 

The  point  M  being  always  3*  backwarder  in  the  ecliptic  than  the  sun's 
equated  place,  and  when  M  comes  to  L  or  L\  the  sun's  equated  place  will 
be  at  q  or  »,  as  has  been  before  explained,  and  SM  being  to  parallax  of 

GI  always  as  rad.*  S^ff  to  sine  of  the  distance  of  the  point 
sine  KSC 


M  from  L  or  L\  it  will  follow  that  SM  is  always  to  GI  as  rad-  "De  LSC 

sine  KSC 

is  to  the  sine  of  the  sun's  distance  from  the  points  q  and  m. 

Whilst  the  sun  passes  from  w  through  C  to  q,  the  star  by  its  apparent 
motion  describes  that  portion  of  the  ellipse  K'NGK  which  lies  nearest  the 
equator,  if  the  latitude  and  declination  of  the  star  are  of  the  same  denomina- 
tion, that  is,  both  north  or  both  south ;  therefore,  in  that  case,  the  parallax 
of  declination  subtracted  from  the  true  place  gives  the  apparent.  Whilst  the 
sun,  therefore,  is  passing  from  the  conjunction  with  the  point  *  in  the  ecliptic 

«  q 
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(found  as  before  shewn)  to  the  opposition,  the  parallax  of  declination  must 
be  subtracted;  hut  from  the  opposition  to  the  conjunction,  it  must  be  added 
to  the  true  place.  This  rule  holds  provided  the  star's  latitude  and  declina- 
tion are  both  of  the  same  denomination,  but  if  they  are  different,  the  paral- 
lax must  be  added  from  the  conjunction  to  opposition,  and  subtracted  from 
the  opposition  to  the  conjunction. 

As  an  example  to  illustrate  the  foregoing  rules,  let  it  be  required  to  find 
the  parallax  of  declination  for  17  lira.  Majoris,  when  it  passed  the  meridian 
on  March  21,  1727-8. 

By  Mr.  Flamsteed's  Catalogue,  the  star's  place  was  then  as  follows : 

K.  Am.  Deri.  Bar.  Uwigit.  Lai.  B. 

204°  130'  50°  41' 80"  5' 23s  5"  40'  54°  24' 30" 

Hence  the  angle  of  position  or  the  angle  A  is  found  to  be  =  88°  88'  30", 
and  the  angle  B  =  44'  30'  50",  and  !ln^  =  log.  9,949721,  hence  the  longi- 
tude of  the  point  m  =  T  7°  36'  30";  the  sun's  true  place  =  0*  12°  80',  but  his 
equated  place  =  0'  11°  32';  MS  =  20",22  log.  MS  =  1,30591. 

The  distance  of  the  sun's  equated  place  from  »  =  5*  3°  55'£;  hence  the 
parallax  of  declination  7",9  to  be  subtracted,  so  that  the  star's  apparent  de- 
clination would  be  50a  41'  22",1. 

If  the  parallax  of  declination  had  been  sought  upon  supposition  that  the 
earth's  velocity  in  its  orbit  was  always  the  same,  and  without  equating  the 
sun's  place,  the  parallax  of  declination  would  have  been  found  7. "7,  differing 
not  a  quarter  of  a  second  from  the  truth. 

As  the  parallax  of  declination  may  be  found  by  the  foregoing  rules,  so  the 
parallax  of  right  ascension  may  be  by  means  of  other  rides  now  to  be  in- 
vestigated. 

Let  RSr  represent  the  circle  of  right  ascension  drawn  through  the  star's  true 
place  cutting  the  ellipse  in  R,r.  Through  R  draw  xRa  parallel  to  SO,  meeting 
the  circle  in  A,  from  whence  draw  *Sa'.  Then,  from  what  has  been  before 
shewn,  it  follows  that  when  the  point  M  coincides  with  A,  the  star's  apparent 
place  will  be  at  R ;  consequently  its  apparent  right  ascension  will  be  the  same 
as  its  true,  or  the  parallax  of  right  ascension  will  vanish.  Now  the  point  A 
may  be  thus  found:  the  angle  OSR  =  KSC  the  angle  of  position  being 
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known  and  the  latitude  of  the  star,  the  cotangent  of  OSR  will  lie  to  the 
cotangent  of  OSa  : :  Rx  :  Ax ;  that  is,  as  the  sine  of  the  star's  latitude  to  the 
radius.  The  angle  OSa  thus  found  being  subtracted  from  the  star's  longi- 
tude if  in  the  ascending,  and  added  if  in  the  descending  semicircle,  will  give 
the  longitude  of  the  point  A,  or  the  longitude  of  the  point  If  when  the  true 
and  apparent  right  ascensions  are  the  same;  and  since  the  point  M  is  always 
3*  behind  the  sun's  equated  place,  3*  added  to  the  longitude  of  the  point  A 
will  give  the  sun's  equated  place  in  the  ecliptic  when  the  true  and  apparent 
right  ascensions  are  the  same. 

If  the  point  M  does  not  coincide  with  A,  or  its  opposite  point  a',  there  will 
be  a  parallax  of  right  ascension,  which  may  be  found  by  knowing  the  angle 
ASM,  or  the  distance  of  M  from  A. 

For  let  as  before  O  be  the  apparent  place  of  the  star  in  the  ellipse,  then 
GE  let  fall  perpendicular  to  8R  will  be  the  arc  of  the  parallel  of  declination 
intercepted  by  the  two  (meridians  or)  circles  of  right  ascension  passing 
through  true  and  apparent  places  of  the  star,  and  the  parallax  of  right 
ascension  will  be  to  GE  as  the  radius  to  the  cosine  of  the  star's  de- 
clination. 

From  M  let  fall  M*  perpendicular  to  SA;  also  through  G  draw  the  line 
Gbde  parallel  to  CS,  (and  perpendicular  to  MD,  OS,)  meeting  the  lines  SM, 
Sa,  SR  in  the  points  b,  d,  e,  and  the  line  SO  in  c;  also  from  b  draw  bf,  per- 
pendicular to  Sa,  or  parallel  to  M*. 

M»    Mr    bf     bd  Ge 

GE  =  TT  X  bd  X  Ge  *  GE' 

n  ,  M*    /SM  _MD\  _    rad.        .  bf  _ cosine  OS/. 

bf  ~Vsb~GD'~8inelat.'      bd  radl 

A   ,  bd    sine  lat.  „,  Ge  rad. 

And  —  =  — ,  and       =  — : — ■      .    1  neretore 

Ge      rad.  GE    cosine  OSR 

Mm  _  rad.  cosine  OSL  sine  lat.  rad.  _  cosine  OSa  , 
GE~  sine  lat.  *      racf      *    rad.    X  cosine  OSR.  ~  cosine  OSR ' 

that  is,  cosine  OSa  :  cosine  08R  : :  If*  :  GE  ; 

but        rad.        :  sine  MS*- : :  SM  :  M* ; 

and  cosine  decl.    :  rad.  : :  GE  :  x  =  difference  of  right  asc. 

Hence  cos.  decl.  x  cos.  OSA  :  cosine  OSR  x  sine  MS*  :  :  SM  :  x,  or  the  paral- 

,  ,  .  ,  .  _  ,  cosine  dec.  x  cosine  OSa 
lax  of  right  ascension.  But  because  in  the  same  star   c  in  OSR  

Q  q  2 
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is  a  given  quantity,  it  follows  that  if  that  given  quantity  be  called  x,  then 

SM  will  be  always  to  x  (the  parallax  of  right  ascension)  as  x  to  the  sine  of 

the  angle  MSA;  so  that  if  SM  was  a  constant  quantity,  or  the  earth's 

velocity  always  the  same,  x  would  lie  always  as  the  sine  of  the  angle 
MSA. 

But  the  sun's  equated  place  being  always  90s  before  the  point  M,  it  will 
follow  that  *  will  be  as  the  cosine  of  the  sun's  distance  from  the  point  A 
before  found ;  or  if  90°  be  added  to  A,  then  x  will  be  always  as  the  sun's  dis- 
tance from  that  point.  Note ;  that  the  point  A  thus  found  is  that  point  of  the 
ecliptic  that  has  the  same  right  ascension  with  the  star. 

While  the  point  M  is  moving  from  A  through  C  to  A',  the  star's  apparent 
right  ascension  is  greater  than  its  true,  or  the  parallax  must  be  added;  that 
is,  while  the  sun's  distance  from  A  is  more  than  3«  and  less  than  9*,  the  paral- 
lax of  right  ascension  is  to  be  added ;  but  if  it  be  more  than  9*  and  less  than 
3*  it  is  to  be  subtracted. 

Hence  the  star's  right  ascension  is  greatest  when  it  passes  the  meridian  at 
midnight,  and  least  when  it  passes  at  noon. 

Hence  the  rule  for  finding  the  parallax  in  right  ascension  is  this : 
Let  A  be  the  angle  of  position  as  before. 

Then  sine  lat.  :  rad.  : :  (cotang.  A  :  cotang.  C)  : :  tang.  C  :  tang.  A, 
or     rad.    :    sine  lat.  : :  tang.  A  :  tang.  C. 

The  angle  C  subtracted  from  the  star's  longitude,  if  the  star  has  north 
latitude;  and  in  the  ascending  semicircle,  or  added  if  in  the  descending,  will 
give  the  point  A ;  but  the  contrary  if  the  star  hath  south  latitude. 

Take  x  :  MS  : :  cosine  A  :  cosine  C. 

Then  cosine  decl.  :  cosine  distance  from  A  : :  s  :  x = parallax  of  right  asc. 
to  be  added  when  the  sun's  distance  from  A  is  between  3*  and  9*,  and  sub- 
tracted when  between  9*  and  3\ 

Let  it  be  required  to  find  the  parallax  in  right  ascension  of  ij  Ursa?  M. 
March  21,  1728. 

Here  the  angle  0  =  33*  Z,  therefore  the  longitude  of  the  point  A  =  6*  26* 
37'  30",  and  the  sun's  equated  place  being  0*  11'  32',  the  sun  from  A  =  5*  14° 
54'i;  hence  the  parallax  of  right  ascension  to  be  added  is  28"£,  and  the 
apparent  right  ascension  of  the  star  204°  13'  28"£. 

Had  the  parallax  been  sought  without  any  correction  of  the  sun's  place,  or 
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allowance  for  the  inequality  of  the  earth's  motion,  it  would  have  been  found 
7",S,  or  about  half  a  second  different  from  the  truth. 

For  common  purposes  we  may  without  sensible  error  suppose  the  earth's 
motion  equable  and  neglect  the  corrections,  and  then  the  rule  for  the  paral- 
lax of  right  ascension  will  be  this : 

Sine  lat.  :  rad.  :  :  cotang.  A  :  cotang.  C,  or  rad  :  sine  lat.  : :  tang.  A  :  tang. 
C ;  then  long,  star  T  C  =  long,  of  A. 

Cosine  C  :  cosine  A  : :  semi  transverse  axis  :  x. 

And  cosine  decl.  :  cosine  (©  -A)  : :  x  :  x  =  parallax  of  right  ascensiou. 


REDUCTION 

OF  THE 

WANSTED  OBSERVATIONS. 


y  Draconis  south  of  38°  25'. 


—  0",82l  annual  precession. 
19",3  maximum  of  aberration  in  declination. 
3*  2°  2C=  1 2'—  right  ascension  of  the  star. 
8>  28°  6  =  longitude  of  the  sun  *  place  when  the 
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1  These  numbers  are  written  in  the  original  at  the  top  of  different  columns  without  the  particulars 
to  which  they  refer.  For  the  sake  of  perspicuity  they  have  been  collected  together,  and  a  short 
description  has  been  added  to  each. 

The  heads  of  the  columns  are  taken  from  the  manuscript,  with  the  exception  of  the  four  for  the 
distances.  The  first  of  these  is  the  quantity  measured  by  the  micrometer ;  thus  y  Draconis  was  ob- 
served (see  p.  203)  Aug.  19,  1727.  to  be  2  rev.  4",6  south  of  38*  2;V,  which,  reckoning  each  revolution 
of  the  screw  to  be  34,"  will  make  up  72",6  ;  but  this  is  too  much,  and  must  be  reduced  (see  p.  284) 
in  the  ratio  of  34  to  33,62.  which  gives  7I",8  ;  "  i  Corr."  is  placed  over  this  quantity  in  the  MS.,  but 
that  title  seems  rather  to  belong  to  89",5,  which  results  from  the  corrections  being  applied  for  preces- 
sion and  aberration;  the  further  application  for  nutation  gives  the  mean  distance  80",5,  as  in  pp.  31, 
32.  33,  he. 

The  first  five  columns  are  entirely  in  Bradlev's  handwriting,  and  the  sun's  longitude  is  all  written 
by  his  nephew  John  Bradley;  the  rest  is  filled  up  partly  by  the  one  and  partly  by  the  other,  but  the 
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SOS 


Drac. 


1727,  Sept. 


BO- 

dnrrd 
lH»t. 


Oct.  8 


7i  70,9  70,1 
:9  70,0  69,2 
14|  70,5  69,7] 
ljil  70,a  69,4' 

19  71,3  70> 

23  71,5,  70,7 

24  71.6  70,8 

25  71,6  70,8 
71,8  71,0, 

29  71,8 
72,5 

13  74T0|  73,2 

20  75,2  74,4 

21  76,4  75,6 

14  81,5  80,6 
17  82,5  81,6 

5  88,5  87,5 

88,3  87,3 

91,8  90,8 

97,0  95,9 


71,0 
71,7 


1728,  Jan. 


Feb. 

March 
mane. 

ra. 


96.2  95,2 
291  96,7  95,7 
16103,5,102,4 
23 104,5 10S.4 

24 104,9 103,8 
25104.0102,9, 
10109,0 107,8' 
16110,5109,3 


Apr.  n. 
May! 


June 


7ill0,5 109,3 
18109,9108,7 
20109,5108,3 
22109,7108,5 
24108,2107,0 

6107,0105,8 
:  7107,0105,8 
•  5100,5  99,4 

6  99,5  98,4 

7  98,3  97,2 
10  99,0,  97.9 

4  89.8  88,8 
89$  88,6 
88,5,  87,5 

84.5  83,6 

84.6  83,7 
8370i  82,1 
83,0  82,1 
83,0  82,1 
82,5'  81,61 


T6~45 
21  31 

23  25 

24  22 


14  51 
19  37 

21  31 

22  28 
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304  REDUCTION  OF  THE 


Me.. 

y  Drac.         |  wirwl 
'                    1  Dirt. 

Re- 

diuvd 
Dirt. 

Pre- 
cearion. 

Aher- 

ration. 

|  Cor. 
Disc 

88,7 
86,2 
i  86,6 
87,7 

Nuta- 
tion. 

Mom 

Due 

Argument 

of 

Nutation. 

Monn'i 
asoe  ud. 

Node. 

Aryument,  ^ 
Action.  '^"K^-  I 

1  m 

1728,  July  : :    4|  82,5 
.  :   5  79,7 
13;  77,8 
18!  77,5 

81,6 
78,8 
77,0 
76,7 

1,1 
1,1 
1,1 
1,1 

+. 

8,2 
8,5 
10,7 
12,1 

8,3 
8,3 
8,3 
8,3 

* 

80,4 
77,9 
78,3 
79,4 

| 

8.         -    S.     •  t 

8  7  4811  5  23 
7  39      5  19 
7 13      4  53 

l      6  ST      4  37 

8.  •  / 

6  25  19 
26  16 

7  3  53 
8  40 

3  23  25 
24  22 

4  1  59 
646 

26 
xH 

Aug.  :  :  1 
2 

77,0  76,21    1,1  14,0 
75,0  74,2j    U  14,1 
75,0  74,2,    1,1  i  15,2 
75,0  74,2    1,1 1  15,4 

89,1 
87,5 
88,3 
88,5 

8,3 
8,2 
8,2 
8,2 

80,8 
79,3 
80,1 
80,3 

6  32 
626 
613 
6  10 

4  12,     1617     14  23 
4  6     18  13     16  19 
3  53     22  3     20  9 
3  50     23  0     21  6 

5 

:  1U 
12 
14 

74,0 
76,0 
74,0 
73,0 

73,2 
75,2 
73,2 
72,2 

1,11  16,0 
1,2  16,8 
1,2  17,1 
1,2  17,4 

1  88,1 
1  90,8 
89,1 
88,4 

8,2 
8,2 
8,2 
8,2 

79,9 
82,6 
80,9 
80,2 

6  0 
544 

538 
5  32 

3  40,     25  53     23  59 
3  24  8  0  42     28  48 
3  18       2  37  5  0  43 
3  12       4  33       2  39 

15 
17 
18 
22 

72,0 
72,0 
72,3 
72,3 

71,2 
71,2 
71,5 
71,5 

1,2 
1  2 

9 

1,2 

_i'2 

17,6  87,(fl    8,2  79,4 

17.8  87,8    8,2  79,6 

17.9  88,2    8,2  80,0 
18,4  88,7^    8^|  80,5 

5  28 
5  22 
5  20 
5  6 

3  8 
3  2 
S  0 
246 

5  Si!      3  37| 

7  26       5  32 

8  24       6  30 
12  17     10  23i 

23 
25 
29 

Sept.  1 

72,0:  71,2 
71,2j  70,4 
71,0'  70,2 
71,0,  70,2 

1  Q 

1  2 
l£ 
1,2 

18,5 
18,7 
18,9 
19,1 

88,5 
1  87,9 
i  88,0 
1  88,1 

8,2.  80,3 
8,1  79,8 
8,l!  79,9 
8,1 !  80,0 

8,1|  80,1 
8,1  j  80,2 
8,l!  80,2 
8,1  79,7 

5   3       2  43 
!      4  57)      2  37 
4  44!       2  24 
4  341      2  14 

13  14  1120- 
15  111     13  17i 
19  4l    17  UK 
21  59     20  5 

3 
4 
6 
9 

71,0 
71,0 
71,0 
70,5 

70,2 
70,2 
70,2 
69,7 

1  " 

1,2 
1,2 
1,2 

19.2  88,2 

19.3  88,3 
19,3  88,3 
19,3  87,8 

4  28 
425 
4  20 
4  9 

2  8 
2  5 
2  0 
1  49 

23  56 

24  55 
26  52 
29  47 

22  2 
83  1 
24  58 
27  53 

10 
11 

15 

::  16 

71,0 
70,5 
71,3 
70,7 

70,2 
69,7 
70,5 
69,9 

1,2 
1,2 
1,2 
1,2 

19,3  88,3 
19,3  87,8 
19,2  88,5 
19,2  87,9 

8,1>  80,2 
8,1  79,7 
8,1  80,4 
8,1  J  79,8 

4  6 
4  3 
3  50 
3  47 

1  46 
1  43 
1  30 
1  27 

9  0  46     28  52 
1  45     29  51 

5  40  6  3  46 

6  39       4  45 

271  71,5 
28'  72,0 
Oct.  16'  75,3 
IK,  75,0 

70,7 
71,2 
74,5 
74,2 

1,2 
1,2 
1,3 
1,3 

18,4 
18,3 
15,6 
15,2 

rWfffi\    8,0'  79,9 
88,3    8,0  80,3 
88,8    8,0,  80,8 
88,1     7,9!  80,2 

3  12 
S  9 
2  11 
2  5 

0  52i     17  29,     15  35 
0  49     18  28     16  34 
10  29  5110  6  21  7  4  27 
29  451      8  21       6  27 

22 

Nov.  19 
23 
28 

75,0 
83,0 
83,5 
86,5 

74,2 
82,1 
82,6 
85,7 

1.3  14,3  87,2 

1.4  6,4  87,1 
1,4     5,1;  86,3 
1,4      3,4  87,7 

7,9  79,3 
7,8  79,3 
7,8  78,5 
7,8  79,9 

1  52 
0  23 
0  11 
1  29  55 

29  32 
28  3 
27  51 
27  35 

12  21      10  27 
11  10  33  8  8  39 
14  871     12  43 
19  41|     17  47 

29 

Dtc  17 
19 
20 

86,3  85,4 

92.2  91,2 
92,5  91,5 

93.3  92,3 

1,4  +3,1  87,1 
1,4,  -3,0  86,8 

1.4  3,7|  86,4 

1.5  4,0  86,8 

7,8 
7,7 
7,7 
7,7 

79,3 
79,1 
78,7 
79,1 

29  52 
28  58 
28  52 
28  49 

27  32 
26  38 
26  32 
26  29 

20  41 
0  9  0 

11  2 

12  3 

18  47 
9  8  6 

10  8 

11  9 

Dr.  H.         21 1  93,0,  92,0 
1729,  Jan.  : :  25  104,0, 102,9 
28105,0103,9 
1'cb.  5107,3106,1 

1,5  4,3 
1,5  14,5 
1,5|  15,1 
1,6!  16,7 

86,2 
86,9 
87,3 
1  87,8 

7,7|  78,5 
7,51  79,4 
7,5  79,8 
7,5|  80,3 

28  46 
26  51 
26  42 
26  16 

26  26;     13  4)     12  10 
24  31  1  18  8Sjl017S9 
24  22     21  341     20  40 
23  56     29  071     28  43 

6107,5  1  06,3 
7 107,1 105,9 
:  :  13108,5107,3 
:  14109,0107,8 

1.5  16,8,  88,0 

1.6  16,9  87,4 
1,6    17,8,  87,9 
1,6    18,0  88,2 

7,5 
7,5 
7,5 
7,4 

80,5 
79,9 
80,4 
80,8 

2613 
2610 
25  50 
25  47 

23  53  2  0  37|     29  43 
23  50       1  3811   0  44 
23  30       7  Sa      6  45 
23  271      8  39(      7  451 
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Nutt.   Mean  I  AW"*>«  I  Aryiurmt  j  ^ 


2  15  3811  14  44 

19  37|     18  4.3 

20  37'     19  43 

21  36     20  42 


H  r 
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REDUCTION  OF  THE 


Mm- 

y  Drac.  «»rrd 
'  IWit. 

K,- 
duiwi 
Dirt. 

1 

ccwuciu.   rauuu.  ^s{_ 

Nuta- 
tion. 

Mean 

Din. 

Argument 
of 

NuUUi.m. 

Moon'i 
ascend. 

Node. 

Arpimcut 
of 

Arm-ration. 

a.    «u.  1 

Sun  •  \ 
Longitude. 

II 

f  1 

■ 

■ 

8.    .  / 

8.    .  , 

... 

... 

1729,  Nov. 


28  8.5,0;  84,11 
50  85,3  84,4 
Dec.  9  86,0  85,1  j 


2,2  4,2 

2,2!  3,5 

2,2  2,9 

2,2  1,9 


85,1 
85,4 
85,1 
84,8 


6  87,5  86,6, 
10  88,5  87,5| 
15  90,5  89,5, 

17:30,  March  10 107,3 106,l| 
TTG  108,0 106,8" 
18107,2 106,0 
June  6  87,7  86,7 

7  87,5  86,6| 

""XSjrn  70,0  69,2 

18  70,3  69,5 

23  69,0  68,2 

24  69,2  68,4 


2,3  +0,8 

2,3  -0,5 

2,3  2,2 

2,5|  19,3 


85,1 
84,7 
85,0 
84,3 


2,5|  19,1 

2,5  19,0 

2,7  0,6j 

2,7!  -0,3! 


85,2 
84,5 
83,4 
83,6 


5,9  79,5 
5,8  79,3 
5,8  79,0 


5,8  79,3 

5,8  78,9h 

5,8  79,2 

5,3  79,0 


2,8+17,71 
2,8j  17,9' 
2,8!  18,4 
2,8!  18,5 


2.5  69,3  68,5 

26  69,0  68,2 

31  69,0  68,2 

Septal  69,0  68,2 

7  69,0  68,2  ' 

8  69,0  68,2 

9  68,0  67,3 
16  68,7  68,0 
18  67,8*67,1" 
20  68,7  68,0 
22  67,9  67,2 

Doc.  9  86,6  R5.7 


2,8  18,6 

2.8  18,7 
2,8;  19,0 

2.9  19,1 
2,9  19,3 
2,9!  19,3 
2,9  19,3 
2,9  19,2 


5,2  80,0 

5,1  79,4'! 

4,6  78,8  ? 

4,6  79,0,1 

4,0  80,1,, 

4,0  80,6, 

4,0;  79,8, 

4,0,  80,1 


2,9  19,1 
2,9!  19,0, 
2,9+18,9 
8,1  -  0,1 1 


4,0  80,5 

4,0  80,1 

4,0  80,4 

3,9  80,5 

3,9  80,7 

3,9!  80,7 

3,9  79,8 

3,8  80,5 


3,8i  79,5 

8,8  80,3! 

3,8  79,4! 

3.71  78,8 


1731,  Jan. 


Feb. 


12  87,8  86,9 
15  88,5  87,5 
24  91,5  90,5 
_1  95^0  9ifi 
4  95,0  94,0 " 
3105,0103,9 
6105,0103,9 
7105,7104,5 


82,6 
82,2 
82,2, 
83.V 


3,6  79,0 

3,6!  78,6 

3,5|  78,7| 

3,0  80,1  j 

3,0  79,l' 
81,8 


3,2-16,9 


2,7 
2,7 


Aug.  14  69,3  68,5 

17  68,5  67,8 

18'  68,5  67,7 

20!  67,0  66,3 


3,7+17,3 

3.6  17,7, 

3.7  17,9! 
3,7|  18,1 


21 
22 

23 

Sq>t.  3 


7 
10 
12 
13 


67.7,  ffjfil 

67.8,  67,1 1 
67,8  67,1 
67,2  66,5 


67,0  66,3 
66,5  65,8 
67,0  66,3; 
67,0;  66,2| 


3,7|  18,2 

3,7  18,3 

3,7:  18,4 

3,7  19,2 


82,1 

81,9! 

81,9 

80,7 

81,5" 

81,7 

81,8 

82,0 


81,3 
81,7 


80,9 
80,7 
80,7 
79,6 


1,2 
1,2 
1,2 

il1 

1,1,  80,4 

1,1'  80,6 

1,1!  80,7 

1,0  81,0 


8,7. 
3,7 


19,3 


19,3 
3,7,  19,3 
3,7  19,3, 


81,9 
81,4 
81,9' 
81,8 


1,0 

1,0 

0,9 
0,9 


80,9 
80,4 
81,0, 
80,9 


1  10  4210  8  2211  17  24 

8  15  30 

10  36 

8  16 

19  26 

17  32 

10  29 

8  9 

21  27 

19  33 

10  19 

7  59 

24  30 

22  36 

10  10 

750 

27:33 

25  39 

9  57 

7  37 

0 

1  38 

9 

0  441 

9  41 

7  21 

643 

5  49 

5  11 

2  51 

s 

2  15 

0 

1  21 

4  52 

2  32 

8  10 

7  16 

446 

2  26 

10  8 

914 

0  32 

9  28  12  5  28  14 

2  26  20 

0  28 

28  8 

29  1 1 

2717 

0  26  43 

24  23 

B 

7  0 

5 

5  5 

26  40 

24  20 

756 

6  2 

26  24 

24  4 

12  47 

10  53 

26  21 

24  1 

13  45 

11  51 

26  18 

23  58 

14  43 

12  49 

26  15 

23  55 

15  41 

13  47 

25  58 

23  38 

20  32 

18  88' 

25  55 

23  35 

21  31 

19  37, 

25  36 

23  16 

27  22 

25  28 

25  33 

23  13 

28  20 

26  26 

25  30 

23  10 

2919 

27  25 

25  8 

22  48 

9 

610 

6 

4  16 

25  2 

22  42 

8  8 

6  14 

24  55 

22  35 

10  6 

8  12 

24  49 

22  29 

12  4 

10  10 

23  54 

21  34 

0 

0  18 

8  29  24 

23  45 

21  25 

325 

9 

2  31 

23  35 

21  15 

628 

5  34 

23  7 

20  47 

15  36 

14  42 

1 0  28 

17  8 

23  45 

22  51 

19  15 

16  55 

26  48 

25  54 

17  43 

15  23 

1 

27  510  26  11 

17  83 

15  13 

2 

0  6 

2912 

17  30 

15  10 

1  611 

0  12 

7  33 

5  13 

8 

3  51 

5 

1  57 

723 

5  S 

6  45 

I  51 

720 

5  0 

7  43 

5  49 

714 

4  54 

939 

7  45 

710 

4  50 

10  87 

843 

7  7 

4  47 

11  35 

9  41 

7  4 

4  44 

12  33 

10  39 

6  29 

4  9 

23  14 

21  20 

6  16 

3  56 

27  8 

25  14 

6  7 

8  47 

9 

0  4 

28  10 

6  1 

3  41 

2  1 

6 

0  7 

5  58 

338 

3  0 

1  6 
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y  Tine. 


Mm-  I  K.- 
ni  red  I  diuxd 
Din*.  I  Di«. 


1731,  Sept.  15 
:  19 
20 
22 


66,2 

67,8| 

m,H 

67,3 
67,5  ~ 
68,7 
69,0, 
88,0| 


Prr- 


Ab*r. 
ratHMi. 


3,8  19,2 

3,8  19,1 

3,8  19,0 

3,8  18,9 


3,8  18,7 
3,8  18,0 
3,8+17,7 
3,9-  3,1 1 


80,9 
82,4 
81,3 
81,7 
81  ,C 
82,1 
82,1 
80,0 


31 ! 

1732,  Jan.  91 
Sept.  2 
3 


1733,  Jan.  21 

88 

Aug.  25 
26 

 29 

1734,  June  19  " 

:  21 
July  51 
10 


4,0 
4,0 

4.5  +19,1 

4.6  19,2 

4.5  19,2 

4.6  19,3 
4,6+19,3 
4,9! -13,5 
4,9-13,8 
5,3+18,6 


0,9 
0,9 
0,9 
0,9 


80,0 
81,5 
80,4 
80,8 


5  51 
5  48 
535 
529 


68,5 


5,4 

5,3 


18,7 
19,0 


79,6  0 

80,4  0 
79,6>  +  2,0 

78,6'  2,0! 

80,0. 2^0 

78,5j  2,0! 

79,01  2,0 

76,ff  3,1 ; 

76,9(  3,1) 

73,61  4,7 

74,6  4,7 
J74,5|_4,8 

71,8:  6,6 

71.4  6,6 


80,8 
81,3 
81,3 
TO,9 
79,6 
80,4  11 
81,6 
80,(i 

82,0 
80,5 
81,0 
79,7 


0  11 
29  43 
17  13 
1710 


AlrrUti..,.  ^N*""* 


4  57 

8  53 

9  51 
11  4!) 


6  0S 

6  59 

7  57 
9  55 


2  59 
2  37 
2  31 
8  28  32 


14  47 
21  42 
23  42 
0  916 


12  53 
19  48 
21  48 
9  8  22 


27  51 
27  23 
14  553 
14  50 


22  29     21  35 


14  47 
14  44 
14  40 
7  21 


1   1  3610  0  42 
8  23  0  5  21  6 
2358     22  4 

24  56     23  2 

25  55     24  1 

26  53     24  59 


80.0 
78,3 

79,3. 
79,3' 


11 


1735,  Sept.  9 

10 
13 

1736,  Aug.  31 


6,11  11,4 

6,11  14,5 

6,1;  14,9 

6,1 !  15,5 

6,1  16,ii 

6,1  j  16,3 

6,2!  16,4 

6,4-  0,81 

6.4|  4,5 

6 

6,5 


5,5|-  6,2 


-13,0 
8,7+19,1 
19,1 
19,3 


79,4; 

79,1 
80,0 1 
80,8 

79,7 
78,9 1 
79,11 
79,9 1 
78,9, 
79,1 
79,7j 
80j0 
81,2 1 
80,8' 
79,7j 
79,4 1 

79,3 
79,7 
77,8 1 
JHfi  j 
79,5  j 
79,7! 
78,5 
79,9 


1       9  38 
10  28  15 
,     28 12 
'     28  2 

7  18     15  33     14  39 
72555  8  15  0  5  13  5 
25  52     15  57     14  3 
25  42     1  8  52     16  58 

12  28 
12  22 
11  37 
11  22 

10  8  6  10  38  3  8  44) 
10  2     12  32     10  38 
9  17     85  51      23  57* 
9  2  7  0  36     28  42 

9  18  48 
18  45 
18  35 

8  29  5  r 
29  28 
29  23 
23  17 
23  14 
22  26 


10  31 
10  28 
10  15 


0  226 
13  37 
1438 
18  42 

8  89  71 

9  0  6 
3  2 

8  21  4 

29  51 

0  26  20 
_87  2l) 

1  12  33101189 
8  21  4*)  5  19  55 


5  27  13 
28  12 

6  18 
5  19  10 


22  47 
26  41 


20  53 
24  47 


R  r  2 
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REDUCTION  OF  THE 


y  Drac. 


•urrd 
I>itt. 


Re- 
dund 
Din. 


Prr- 
muiiin. 


1737,  Sept.  7  61,8  61,1  8,7 

8  60,8  60,1 1  8,7 

10!  62,3|  61,6  8,7 

Dec.  12  81,7  80,8  8,9 

"1738,  July  25  68,0~67,S|  9,4 
28  66,2<  65,5  9,4 
:  29  65,7  65,0  9,4 
 Sept.   9  62,3  61,6  9,5 


12  61,7  61,0 

13  61,8  61,1 

14  63.fi  63,0 
15!  63,3i  62,6 


16  63,2  62,5 

Dec  30'  91,5  90,5 

1739,  Jan.  14  96,0  95,0 

15  96,2  95,2 


9,5 
9,5 
9,5 

M 
9,5 
9,8 
9,8 
9,8 


raUim. 


24  98,5  97,4 

Aug.  18  68,0  67,3j 

19  68,0  67,3 

20  69,0  68,2' 


9,8- 
10,3 
10,3 
10,3 


31 

Sept.  2 


24  67,9  67,21 

26  67.71  67,0 

27  67,5!  66,8 

29  J>7,2  66.51 

30  68,0  67,3 


10,3 
10.3 
10,3| 
10,8; 


67,8 
67,8 


67,1 
66,6 


10,3, 
10,3 
10,3  + 


17+0,  Jan.  20100,7  99,6 
26104,31053,2 
Aug.  9  73,5,  72,7 
 18  72,2  71,4 

19  72,2|  71,4 
21  71,2  70,4; 


24  72,2  71,4! 

25  71,0  70,2 


29 
30 

Sept.  5 


28  71,5  70,7 

™  72,4  71,6 

71,8  71,0 

71,6  70,8 


10,6  - 
10,7- 

U4  + 

2l5L 
li.i, 
11,1 
11.1 
11,1 


n.ii 
11,1 
n,i' 
11,1 


8  72,2  71,4  11,11 
20  72,5  71,7,  11,2  + 
1741,  Jan.  26107,7106,5  11,5  - 
 Aug.  27  76,3  75,5  11,9  + 


28  76,4  75^6 

29  76,2  75,4 
31  75,7  74,9, 

Sept.   l;  76,7  75,9 


11,8 
11,9 
11,9 
11,9 


Cor- 
rnrtKi 
I  Nut. 


Nuu- 

tiim. 


Mnut 
Ihrt. 


9,8  71,7  8,5 

9,3  70,7  8,5 

9,3  72,2  8,4i 

1,3|  70,6  8,2 


80,2 
79,2' 
80,6 
78,8 


3,6|  71  fi\  7,2 
7,2 
7,2 
7,0 


4,3|  70,4 
4,5;  70,1 
9,8,  71,4 


78,7 
77,6 
77,3 
78,4 


9,3i  70,8 

9,3  70,9 

9,3  72,8 

9,21  72,3 


72,2 
73,9 
73,6 
73,5 


9,2 
6,8 
1,6 

2'? 

4,1;  73,5 

7,9  74,9 

8.0  75,0 

8.1  76,0 


7,0 
7,0 
7,0 
6,9 

~6",9 
6,3 
6,3 
6,2 


6,2| 
4,8 
4,8| 
4,8 


8,5.  75,41  4,8 
8,7)  75,4|  4,8: 
4,8 
4,8 


8,71  75,2 
8.9|  75,1 


77,8 
77,9 
79,8 
79,2 

79,1 
80,2 
79,9 
79,7 

79,7 
79,7 
79,8 
80,8 
80,2 
80,2 
80,0 
79,9 


8,9,  75,9 

9.0  75,8 

9.1  75,4 


3,1 1  75,9 

4,5,  78,0, 

6,7]  78,3 

8.0  78,3] 

8.1  78,4' 
8,3  77,6 
8.C 
8.' 


t,6  78,9 
>,7,  77,8 


4,8j 
4,7 
4,7j 

3,7 
2,1 

M 
2,0 

2,0t 
2,0, 
2,0' 


80,7 
80,5 
80,1 

7!»,(; 

81,7 
80,4 
80,4 
80,4 
79,6 
80,9 
79,8 


8,9  78,5 
8,9|  79,4 
9,0  78,9 
9,2!  78,9 


2,0 
2,0 
2,0 
1,9 


80,5 
81,4 
80,9 
80,8 


79,6 
79,5 
80,3 
82,4 


9,3 
9,0 
4,7 
8,8 

8^,1*2^ 

8,9  82,4 

9,0  82,0 

9,1 1  83,1 


1,9 
1,8 
+  0,7 
-1,0 


81,5 
81,3 
81,0 
81,4 


1,0 

1,0 

1.1 

l,l! 


81,6, 
81,4 
80,9 
82,0h 


Aivumeut 
of 

NntMinn. 

Moou'i 
««toL 

Kofe 

S.     •  / 

8  10  12 
10  9 
10  2 
5  7 

a         .  1  a  /la 

5  7  52  8  27  39  5  25  45 
7  49;     28  38     26  44 
7  42  9  0  35!     28  41 
2  47  0  3  44  9  2  50 

7  23  12 
23  2 
22  59 
20  46 

4  20  52  7  14  57i  4  13  3 
20  42     1  7  49     15  55 
20  39;     18  46|     16  52 
18  26  8  29  23  5  27  29 

20  36 
20  33 
20  30 
20  27 
20  24 
1450 
14  2 
13  59 

18  16  9  2  18  6  0  24 
18 13       3 17       1  23 
18  10       4  15       2  21 

18  7       5  14.1      3  20 

18  4 
12  30 
11  42 
11  39 

6  13;      4  19 

0  20  47  9  19  5J3 

1  7  010  6  6 
8  0      7  6 

18  81 
236 
2  33 
2  30 

11  11 
0  16 
0  13 
0  10 

17  6 
8  746 

8  44 

9  42 

16  12, 
5  5  52 

6  50; 

7  48| 

2  17 
2  11 
2  8 
2  1 

3  29  57 
29  51 
29  48 
29  +1 

13  34 

15  31 

16  29 
18  25 

11  40 

13  37 

14  35 
16  31 

1  58 
1  55 
1  49 

29  38 
29  85 
29  29 

19  28 

20  21 
22  19 

1  12  46 

18  53 

7  29  49 

8  830 

17  2},' 

18  27 
20  23 

6  24  24 
24  5 
13  42 
13  13 

22  4 
21  45 
11  22 
10  53 

10  11  52 
17  59 

4  27  55 

5  6  361 

13  10 
13  4 
12  54 
12  51 

10  50 
10  44 
10  84 
10  31 

9  28 
11  24 

14  18 

15  16 

7  34 
980 

12  24 

13  22 

12  41 
12  38 
12  85 
12  16 

10  21 
10  18 
10  15 

9  56 

18  11 

19  9 

20  8 
25  58 

10  1; 

1715 
18  14 
24  4 

12  6 
11  37 
442 

5  23  25 

9  46 
9  17 
2  22 
2  21  5 

28  54     27  0 
910  40  6  8  46 
1  19  391018  45 
8  17  0  5  15  5 

28  22 
28  19 
23  13 
j     23  10 

21  2 
20  59 
20  53 
20  50 

17  57 

18  55 

20  56 

21  51 

16  3 

17  1 

18  58 

19  57 
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y  Drac. 


TUT 

diirrd 
INK. 


Prp- 
rvwon. 


Alter- 
rntimt. 


Cor. 


Nuta- 
tion. 


Mean 

Din. 


of 

Nuuti-m. 


Muun'. 


Node.  Aberration. 


Sun's 
Ixnp'tuite. 


1741,  Sept. 


1742,  Sept. 

1743,  Sept. 
1745,  Sept. 


1746,  Sept. 

1747,  AUg". 
Sept 


2 

6| 
20! 

ail 

23! 
5 
2 
2 

"3 

«! 
15 

_ao 

31 
1 

2 


76,2! 
75,5 
76,4 
76,7l 

76,6 
77,5; 
82,5 
87,8 


75,4 
74,7 
75,6 
75,9 


11,9 

11,9| 
12,0, 
12,0 


+ 

19,1 
19,3 
19,0 
18,9 


82,6 
82,1 
82,61 
82,8| 


75,8 
76,7 
81,6 
86,8 


12,0 
12,8 
13,6 
15,2i 


18,7 
19,2 
19,1 
19,1 


82,5 
83,1 
87,1 
90,7 


87,8 
87,3 
87,8 
87,0 


86,9, 
86,4 
86,9! 
86,1 


15,2 
15,2 
16,0 

16,l| 


87,0 

87,2 
87,0| 


86,1 
86,2 
86,l! 


16,8 
16,8' 
16,8* 


19,2 
19,3 
19,2 
19,0 

r«),o 
19,1 

19,1 


90,9 
90,5 
90,1 
89,0 

88,3 


1,1 
1,1] 
14 
1,2 

1,2 
4,0 
6,4 
8,9 


81,5 
81,0 
81,4 
81,6 


9,0 
9,0 
8,7 
8,7 


81,3 
79,1 
80,7 
81,8 


5  23  6 
22  53 
22  9' 
22  6 


2  20  46 
20  33 
19  49 
19  46: 

21  59     19  39| 
3  87       1  17| 
4  14  26;  1  12  6, 
3  5  44  0  8  24 


8.   ■  / 

8  22  49 
26  43; 

9  10  26 
11  25 

13  28 
825  30 
22  21 
22  51 


3  7,61 

Li 


81,9 
81^5 
81,4 
80,3 


5  411      3  21 
5  35       3  15 
2  15  4311  13  23 
15  27  13 


1  27  1010  24  50| 


27 
27 


24  47i 
24  44 


23  50 
25  46 
9  5  19 
10  14 

8  20  24, 

21  24 

22  22 


8.  • 

5  20J 
24  49 

6  8  32 
9  31 

11  29 
523  36 
20  27 

20  57 

21  56 
33  52 

6  325 
8  20 

5  18  30j 

19  30 

20  28; 


/3  Draconis  north  of  37°  30'. 


+3",07  annual  precession. 
3*  8°  48'=  12'-  right  ascension  of  the  itar. 
8*  22°  48'= longitude  of  the  *un'»  place  when  the  aberration  in  d 


0. 


3  Drac. 


Ilea. 

■11ml 


dmvd 
Dim. 


Pre. 


1727,  Aug.  20 165,5;163,7j 
21166,9165,11 
22.165,8164,0 
23167,0165,2 


1,2 
1,2 
1,3 
1,3 


Alwr- 
ration. 


Cor. 
rected 
DIM. 


25  167,8 166,0 
:30|l67,5 165,7 
Sept.  2;i66,2164,4 

 3166,8165,0 

4  165,8  i  64,0 " 
7166,0164,2 
15166,8165,0 
331165,2163,4 


1,3 

1,8 
1,3 

M 


24164,7162,9  1,5 
Oct.  17l62^160,7j  1,7 
Nov.  14154,6152,91  2,0 
 :  17  153,8 152,1 1  2,0 


18,7146,2 
18,8147,5 


Nuta- 
tUm. 

Menn 
Dial. 

Arjrtrment 

at 

Nutation. 

JIlMl'l 

aacend. 
Nude. 

Argument 
Aberration. 

Sun'* 
Uniffitudr. 

+ 

9,0 
9,0 
9,0 
9,0 

■ 

155,2 
156,5 
155,4 
156,5 

1... 

3  14 
1  0 
0  57 
0  54 

S.    •  1 
11  22  16 
22  V.Z 
22  9 
22  6 

&     •  ' 

8  14  56 

15  51 

16  50 

17  48 

5  7  42 
8  39 
938 
10  36 

19,3147,7^ 

19,3 146,4) 

19,4147.0) 

19,4146,0," 

19,4146,2. 

19,1 ,147,4 

18,4146,5i 


9,0156,7 
9,0155,4 
9,0156,0 


0  32 
0  22 
0  19 


9,0 155,0 
9,0155,2 


0  16 
0  6 


9.0156.4  2  29  411 

9.0 155.5  29  151 


21  44 
21  34 
21  31 

-2T28 
21  18 
20  53 
20  27 


17  23 

20  18 

21  17 


24  35 

27  30 

28  29} 

29  27"  2215 
9  2  23     25  11 

10 13  6  3  1 

18  5!     10  53 


18,4146,41  9,0155,4 
14,5147,9  9,0156,9 
6,6,148,3  *  9,0157,3 
-  5,7|148,4  9,0'l57,4| 


29 12  20  24     19  4     11  52 

27  59;  19  11 10  11  53  7  4  41 

26  22  17  4211  10  0  8  2  48 

26  2l|  17  831    13  3      5  51 
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REDUCTION  OF  THE 


0Drac. 


Mea-  Re. 
nired  dm«d 
Dirt.  |  Dirt. 


Pre- 
oow.in. 


1727,  Dec.  5147,2145,6 
:  6146,5  144,9 
13143,2141,6 
28138,7137,2 


Aber- 
ration. 


2,1 
2,1 
2,2 
2,3 


Cor- 
m-ied 
Dint. 


Nutt-  '  Mean 
tiun.  I  Dirt. 


0,4 148,1 
0,8147,8 
3,2147,0 
8,11147,6 


29 138,2 136,7 
1728,  Jan.  16131,8130,4 
:  23 131 .0129,6 
 25131,0129^6 

Feb.  10  1  27,5  126,1 
16125,0123,6 
March  7126,0124,6 
m.  18126,7125,3 


2.3 
2,5 
2,5 

j^S 

2,7; 
2,8 
2,9 
3,0 


8,4147,4 
13,5146,4 
15,1147,2j 
15,5147,7 


18,1  146,9 
18,8145,2 
19.3 146,8 
18,7147,0 


9,0157,1 
9,0156,8 
9,01.56,0 
8,9156,5 
T915M 
8,9155,3 
8,9156,1 
8,9156,6 


20127,4126,0 
22128,0126,6 
m.  24128,5127,1 
Apr,  n.  6131,3129,9 


3,0 
3,0 
3,1 
8,2 


: :  7 129,7 128,3!  3,2 
May  :  5 137,7,136,2  3,4 
6 138,3 136,8  3,4 


:  10  136,5  135,6 
June  4147,7146,1 
:  21  153,0J151,8 
22154,8153,1 


14  C. Cavendish  25  154,0  152,3 
July  2155,0153,3 
3 157,3 155,6 
:  4156.0154,3 


8,5 
3,7 
3,8 
3,8 


18,5147,5 
18,3147,9 
18,0|148,2 
15,8148,9 


15,6147,1 


8," 


8,4148,6 


+  7,2145,7 


-  0,7 
6,1 


5 156,5 154,8 
13158,0156,3 
18159,5157,8 
:  26 161 ,0159,2 


Aug.  1 


2161,0159,3 
5 163,0 161,2 


10162,0160,2 
12 163,0 161,2 
15164,0162,2 
18163,5161,7 


161,7 


21  165,5163,7 
23164,0162,2 
25 164,0  162,2 
29166,0164.2 


158,8 
159,9 


Sept.  8165,0163,2 
6 165,0163,2 
9164,3162,5 
10  164,3|l62,5 


3,8 
8,9 
3,9 
JM) 
3,9 
4,0 
4,0 

A1 

4,1 
4,1 
4,2 
4,2 
4,2 
4,2 
4,3 
4,3 


148,3 


149,1 
149,0 
6,4 150,5 
7^3148,8 
9,3147,9 
9,6149,9 
9,9148,3; 


8,9 155,8 
8,9|154,1 
8,9155,7 
_8,9 155,9 
8,9156,4 
8,9 156,8 
8,9157,1 
8,8157.7 
8,8 155,9 
8,8157,1 
8,8 157,4 


8,8;  154,5 
8,7157,8 
8,7157,7 
8,7|159,2 

8,7157,5 
8,7 156,6 
8,7158,6 
8,7 157,0 


10,2148,5 
12,2148,1 
13,5;148,3 
15,2148,1 


4,3 
4,3 
4,4 

Jbf 

4,4 
4,4 
4,5 
4,5 


15,6)147,31 
16,3l47,Tn 
16,5147,0 
17.0148,4; 


17,7jl46,7 
18,91147,4^ 
18,8 148,2 
18,6147,4 


18,9 149,1 
19,0147,5 
19,1 147,5 
19,3  149,8 


8,7 157,2 
8,6156,7 
8,6156,9 
8,6156,7 

"8^155,9 
8,6156,8 
8,6 155,6 
8,6-157,0 

"8^6155,3 
8,6156,0 
8,6 156,8 
8,5 155,9 


8,5157,6 
8,5  156,0 
8,5156,0 


19,4148,2 
19,4148,2 
19,3  147,7 
19,3147,7 


A5 
8,5 


157,8 
156,7 


8,5156,7 
8,5156,2 
8,5156,2 


Argument 

of 

Nutation. 


8.  . 

2  25  2411 
25  21 
24  58 
24  10 


24  7 
23  10 
22  48 
22  41 


21  51 
21  32 
20  28 
19  53 


Moun'i  ' 

:i —  .-!,.!. 

Node. 


Argument 
of 

Ahemtinn. 


Sun't 
Lunffi  tude. 


J 


16 
16  33 
16  10 
15  22 


0  1  19  8  24  7 

2  19  25  7 

9  27  9  3  15 

24  41  18  29 


15  19 
14  22 
14  0 
J3_53] 
13— 3, 
12  4* 
11  40 
11  5! 


25  42     19  80 
1  18  5810  7  46 
21  8     14  51 
23   4'     16  52 
2  58 
9  0 
28  52 
9  42 


2  9  1011 
15  12 

3  5  4 
15  54  0 
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1728,  Sept  11164,7162,9 
15165,0163,2 


16163,3161,5! 

 28162,0160,2 

"Oct.::  11161,0159,2" 
::  22 159,5, 157,8 
Nov.  19150,0!l48,4 

 22149^0147^ 

 23149,0147,4" 

28147,5145,9 
Dec.  19140,5139,0 
1729,  Jan. :  20 130,0,128,6 
:  25129,5128,1  " 
28128,5.127,1 
Feb.  5126,5125,1! 
6126,5125,1! 


Mm. 

,3  Drac.  ^ 

Re- 
dn«d 

.11 

Atwr- 
rauuru 

Cor- 
rwtwl 
Dirt. 

Nuta- 
tion. 

1  . 

■ 

+  i  7 

+ 

• 

AiKument  (  ^ 
Longitude 


*,3 
4,5 
4,6 


19,0,148,7 
18,91147,1 
17,7jl47,l 


4,8  15,6148,4 
4,8:  13,1)149,5 
5,1  4,8jl48,7 
5J|  3,7148,8 

5.1  3,4149,1 

5.2  -  1,7149,4 

5.3  +  5,4149,7 
5^6;  14,6148,8 

5,6 


14125,5124,1 
21123,8122,5 
25125,4124,0 
2612.5,5124,11 


27|125,2123,H 
March  6 124,5l»3,l  I 
:  17 125,3 123,9 
18125,012:3,6 


5,6 
5,7 
JS7 
5,8 
5,9 
5,9! 
5$ 
5,9 
6,0 
6,1 
6,1 


8,5 157,2 
8,5 155,6 
8,5155,6 


8,4156,8 
8,4157,9 
8,3157,0 
8,3157,1 
8,8,157,4 
8,2157,6 
8,21157,9 
8,1 156,9 


2  10  81 11 
10  18 

10  15| 
9  37 
8  55 
8  2010 
6  52! 
6  42! 


1  43 
1  30 
1  27 
049 


7  2 

10  57 

11  56 
23  45 


0  710 
29  32 
28  411 
27  54( 


15,7149,4 
16,2148,9 
17,6148,4 
17,7148,5 


20 1 26,5125,1 ;~ 
24 127,5 126,l|  6,2 
Apr.  16131,0:129,6  6,3 
J^»v29l43,7i  142,1  6,7 


31  142,7141,2 
June  2142,6141,0 
5145,5143,9 
7|1 45,2  14.3,6 

301 49,6  148,0 
July  1152,0150,3 
10155,6153,9 
271 59,2)157,5 


18,7148,6 
19,1  147,5 
19,3149,2 
19,3149,3 

1M149,1 
19,4148,5 
18,8148,8 
18,7148,4' 

18,5l49,7i 
18,11150,4 
18,7il49,6 
1,3150,1 


6  39 
6  23 
5  16 
335 


6,7+  0,7148,6 
6,7  0,0147,7| 
6,8-  0,9149,8 
6,q  1,61148,8 
~Tft  8,7j  146,3 
7,0  9,0148,3 


8,1  158,0 
8,0156,9 
8,0156,4 
8,0;  156,5 
8,0156,5 
7,9155,4 
7,9157,1 
7,9157,21 

7,9157,0, 
7,9,156,4 
7,8;  156,6 
7,81 56,2  i 
7,8157,5 
7,8 158,2 
7,7[157,3 
7,5 157,6 


3  19 
3  9 
2  44 
2  41 


639 

17  38 

15  50 

18  52 

19  53 
24  57 

16  18 
18j47 

24  311  23  50 
24  2l!  26  51 
23  56  2  4  54 
23  .511      5  54 


27  51 
27  35, 
26  28'  0 
24  47  1 


8.  • 

5  29  50 

6  345 
4  44 

16  33 
29  21 

7  10  26 

8  8  38 

11  40 

12  41 

17  45 
910  6 
0  12  35 


17  38 
20  39 

28  42 

29  42 


2  181  23  30  13  5511  7  43 
1  581  23  5;  20  55  14  43 
1  40j  22  52  24  54;  18  42 
1  37|  22  49  25  54!  19  42 
26  53i  20  41 
8  3  49|     27  31 

14  40,  0  8  28 

15  391      9  27 


22  46 
22  14 
21  49 
21  46 


156,1 


17  87i  1125 

21  8S|  15  21 

4  14  56  1   7  44 

5  26  8  2  18  56 


7,1 
7,2 


IMW 

15,3149,4 


7,5,1 
7,5155,2 
7,5 157,3 
7,51156,3 

7,* 

7,4155,7 
7,3156,9 
7,3156,7 


:  28,159,0 157,3 
29!  160,0 158,3 
30160,0158,2 
Aug.  5159,7158,0 
6160;.5158,8 
:  10163,0161,2 
:  12  161 ,0159,2 
13161,8160,0 


Dr.  Hoadley 


17162,0  160,2 
23161,7159,9 
:  2.51162,7 160,9 
28162,8161,0 


7,2i  15,5|149,0 

7.2  15,8149,71 
7,2,  15,9149,5 
7,2|  16,9148,3! 

7.3  17,11149,6 
7,3  17,7150,8 
7,3]  18,0U48,5 
7^1  18,ljl49,2 
7,3 
7,4 


7,3156,3 
7,3 157,0 
7,2:156,7 
7,211.5.5,5 
7,2 156,2 
7,2158,0 
7,2155,7 
7,2156, 


7,4 
7,5 


18,5149,0 

19.0  148,3 

19.1  149,2 
19,2149,3 


7,1 
7,1 
7,1 


7,1 156,4 
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REDUCTION  OF  THE 


p  Drac. 


•ured 
Dint. 


«hionl 
Din. 


Pre-  I 


Alter- 
ration. 


!  c«-- 

;  ruled 

I  D  im. 


turn.  Dm*. 


+   I  - 


1729,  Aug.  29162,5160,7 
Sept.  2162,3l60,6| 
:  8161,8160,0 


7,5; 
7,5l 
7,6 


9162,7160,9!  7,6 


19,3148,9 
19,4148,7 
19,3148,3 
19,3149,2 


Argument 
of 

Moon's 
■wend. 

Nnde. 

Argument 
A  t  n-rrn  t  i  on , 

£un'i 
Longitude. 

S.   .  , 

1  21  52 
21  40 
21  21 
21  18 

S.   .  . 

10  13  4 
12  52 
12  33 
12  30 

s.  .  . 

8  24  7 
28  0 

9  3  51 
4  50 

S.    .  . 

5  16  55 
20  48 

26  39 

27  38 

13163,3161,51 
26 1(50,7 159,0' 
Oct.  4160,8159,1 
7160,0158,3 


7,6 
7,7 
7,8 
7.8 


19,2149,9 
18,1 148,6 
16,9150,0 
16,4149,7 


7,0156,9 
6,9155,51 
6,9156,9 
6,9156,6 


21  5 
20  23 
19  58 
19  48 


12  17  8  45 
11  35  21  32[ 
11  10  29  27, 
11   010  2  271 


6  1! 
14  20 
22  15 
25  15 


10159,0157,3  7,8 
14159,0157,3  7,9 
18158,0156,3  ",9 
Nov.  26145,5143,9  8.2 

15,8149,3  6,9156,2 
15,0150,2  6,8157,0 
14,1  150,1  6,8156,9 
-  2,5149,6  6,6156,2 

19  39     10  51       5  25 
19  26     10  38      9  24 
19  14     10  26     13  S3 
17  10       8  2211  22  41 

28  13 
8  15  29; 

l>ec.   3144,5  142,9  8,3 
::   6  1  43,5  1  41,9  8,3 
1730,  March  10 123,8 122,5  9,1 
::  1612.5,0123,6  9.1 

0,0151,2  6,6157,8 
+  1,0151,2  6,5157,8 
19,2150,8  6,0156,8 
18,9151,6  5,9157,5 

16  47       7  59 
16  38      7  50 
11  39      2  51 
11  20       2  32 

29  W 
0  2  51 
3  733 

13  2" 

23  36 
26  39; 
0   1  21 
7  15 

18124,2122,8  9,2 
June  6145.5143,9  9,8 
7145,0143,4  9,9 
AuK.  18160,5158,8  10,4 

+  18,7150,7  5,9156,6 
-  1,2152,5  5,4157,9 
1,5151,8  5,4157,2 
18,6150,6  4,9155,5 

11  14       2  26.     15  25 

7  0  9  28  12  6  3  31 
6  53    28  8  4S8 

8  81     24  20  8  13  13 

9  13 
2  26  19 
2716 
5  6  1 

2:3161,0159,2  10,5 
21.161,5159,7  10,5 
25161,0159,3  10,5 
26161,0159,2  10,5 

19,0150,7  4,9155,6 
19,1151,1  4,9156,0 
19,1150,7  4,91-55,6 
19,2150,5  4,9155,4 

2  52,     24  4 
2  49     24  1 
2  46|     23  58 
2  42|     23  54 

18  4 

19  2 

20  0 
20  58 

10  52 

11  50 

12  48 

13  46 

31161,5159,7 
Sept  18162,2160,4 
20161,4159,7 
22161,5159,7 


Dec.  12141,0139,5 
15139,7138,2 
18137,71536,2 
:  28 135,5 134,0 


1731.  Feb.   6124,3  122,9 
Aug.  4158,5156,8 
14159,8158,1 

 17160,0158,8 

18160,2158,4 
20161,0159,2 
22  160.0158,3 

 23  160^5 158/7 

Sept.  3161,0159,2 


10,6 
10,7 
10,7 
10,8 

1M 
11,5 
11,5 
11,6 

12,0 
13,4 
13,5 
13,5 


19,4150,9 
18,9152,2 
18,7151,7 
•  18,4152,1 


4,8 155,7 1 
4,7 156,9 
4,7 156,4 
4,7156,8' 


2  26 
1  29 
1  23 
1  16 


+  2,9153,8 
4,0153,7 
4,9152,6 
8,2 153,8 


4,1  157,9 
4,1 157,8 
4,0156,6 
4,0157,8 


13.5 
13,6 
13,6 
13,6 


13,7 

7161,0159,3  13.7 
10161,0159,2  13,7 
12160^0158,3  13,8 
:  13  160,0 158,3  "1:3^8" 

15161,5159,7  13,8 
:  19159,7158,0  13,8 
20  159,5  157,8  13,8 


+  17,7152,6 
-16,7153,5 
18,1 153,5 
18,51.53,3 

18,6153,3" 
18,7154,1' 
18,9153,0 
18,9153,4 
19,4153,5 


3,7156,3 
2,3 155,8 
2,2155,7 
2.2155,5 


0  26  59 
26  50 
26  40 
26  5 


23  38 
22  41 
22  35 
22  28 


25  50 
913  25 
15  23 
17  21 


18  38 
6  613 
8  11 
10  9 


18  11 
18  2 
17  52 
17  17 


9  2  30 
533 
835 
18  46 

10  29  13 

4  22  19 

5  156 
4  50 


19,4 153,6 
19,3153,6 
19,2 152,9 


19,2152,9 
19,1  154,4 
18,8153,0 
18,8  152,8 


2,2  155,5 
2,1  156,2 
2,1 155,2 
2,1 155,5 
2,0  155,5 
2,0  155,6 
2.0155,6 
^,0 154,9 
1,9154,8 
1,9156,3 
1,9154,9 
1,9154,7 
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(3  Drac. 


I  mm- 

mimi 
Ih«. 


Re. 
diuvd 
Dial. 


IV-  I  Abo-. 
iBMim.  ration. 


+   I  - 


C'«r-  ] 
rwted 
Diu. 


NutJi-  M«u» 
lion.  Umt, 


at       i  wo'n<1. 

Notation.  Node. 


Argument 
of 

Alurrntinn. 


1731,  Sept.  22'l60,0jl58,3 
:  25)159,0157,3 
Oct.  4158,3156,6 
Dec.  18138,0136,5 

t)  I  0U,o  I  oa,o 
4160,6|158,8 

 5161,0|159,2! 

6160,K|159,lj 
1733,  Jan.  22126,8,125,4! 
Aug.  25 162,0jl60,2 
26162,5160,7 


I 


S.   .     /    8.    .  / 

0  11  57  9  3  9 

11  47  2  59 

11  19  2  3l[ 

7  20  8  28  32 


29161,5159,7 
1734,  June  19  1  47,0  1  45,4 
21 148,5146,91 
July  5151,0149,4| 
10153,0151,3! 
16 154,5  152,8 
29158,2156,5 
::  31  157^515.5,8] 
Aug.  315778156,1 
6159,0 157,3 
7159,0157,3 
8160,0158,3 


13,9    18,5153,7  1,9155,6 

13,9    18,2|l53,0  1,8154,8 

13,9-17,0153,5  1,8155,3 

14.6  +  4,9156,0+1,1  157,1 
16,7-19,4155,4-1,0154,4  11  23  38 
16,8  19,4156,2  1,0155,2  23  34 
16,8    19,4ll56,2  1,0|155,2  23  31 

26.8  19,4 156,6  1,0 155,5  23  28 
1678    19,4156,5  1,0155,5:  23  25 

17.9  15,1  158,2  2,2156,0  16  6 

19.7  19,1160,8  2,4158,4  14  46 

19.8  19,1 16M  2,4159,0  14  43 
1978  19,2160,3  2,4157,9  14  40 
22,3      5,3 162,4  5,9 156,5  10  18  56 

22.3  5,9163,3  5,9157,4  18  50 

22.4  10,0161,8  6,0155,8  18  5| 
22,4  11,3162,4 
22,5 


Sun  i 
U'ttpiutlr. 


9  17  7]  6  9  55 

20   4j  12  52 

28  59  21  47 

0  15  33  9  8  21 


14  501 
14  46 
14  43 
14  40 


8  28  17 
29  15 

9  0  14 
1  12 


21  51 

22  3 

23  2 
24 


— 211 
1  21  50jl0 
8  20  16  5 
21  14 


24  9 
615  55  3 

17  49; 
7  1  8 


22,6 
22,6 

227) 
22,7 
*2,7 


6,0156,4 
12,8162,5  6,1  156,4 
15,7163,4  6,2157,2 
16,1162,3  6,2:156,1 
6,2:155,9 
6,8156,7 
6,2156,6 
6,21157,4 


Dec.  11141,2139,7; 
22 136,0 134,5| 
2'$i 135,3 133,8 

 27134,5133,0 

17.35,  Sept.  10159,2157,5 
13158,8157,1 
1736,  Aug.  31 157,5 155,8 
Sept.  8157,8156,1 


16,6j  162,1 
17,1162,9 
17,2162,8 
22,7-17,4163,6 

23.7  +  ~2^61 6M 
23,8.     6,3 164,6 

23.8  6,61164,2 

23.9  +  7,9164,8 


17  49 
17  30j 
16  49 
Hi  43 

16  33 
16  24; 
16  21 
16  18 


9157,3155,6 
1737,  Jan.  4126,7125,3 
19123,2121,9 
Sept.   1  153,5  151,8 
2154,0152,3| 
:  4152,7151,0, 
6154,0152,3 
7152,5150,9 


6,9  159,1 
7,0157,6 
7,0 157,2 
7,0157,8 

26,0pTT9,3  164,2  8,1  156,1 
26,1  19,1164,1  8,2155,9 
29,0  19,3165,5  8,9156,6 
29,1 1  19,3165,9  9^0156,9 
9,0 156,4 


-19,3 165,4 

+  10,4165,8  9,0156,8 

+  14,3  1  66,4  9,0  157,4 

-19,3164,61  8,8155,8 


29,1 
30,1 
30,2 
32,1 

32,1  ~T9T4 16576 

32,l|  19,4163,7 

32.1  19,4165,0 

32.2  19,41163,7 


9  40 
9  5 
9  2 
849 


14  37, 

7  18 

25  58j 
25  55| 
25  42  ' 

10  el 
10  2! 

9 17| 

9  1 

842 

8  1 

7  55 
7  4.5  28  49j 
7  36  8  1  42 
7  3S|  2  40 
7  30       3  38 

~~ 052_ 
0  17 
0  14 
0  1 


24. 
14  381 

13  4 

14  2 


16  57 
8  43 
10  37 
23  56 


5  53i  28  41 

11  36  4   4  24 

24  1  16  49 

25  571  18  45 


21  37 

24  30 

25  28 

26  26 


0  8  43 

19  54 

20  55 
24  59 


1  31 

12  42 

13  43 
17  47 


9  25  13  6  16  25 
25  3  1615 
6  22  5  27  34 
5  56     27  8 


9  5  23  5  28  11 
8  19  6   1  7 

8  26  21  5  19  9 

9  40  9     26  57 


5  53 
8  29  41 
28  54 
16  59 


27  5 
20  53 
20  6 
811 


5  8     27  56 
1   3  37  9  26  25 
18  4910  11  37 
8  27  6  5  19  54 


8  154,0152,3 
1738,  July  25146,8145,2 
28147,3  145,7 
:  29146,5144,9 


Sept.  13150,51 48,9 
::  23149,3147,7^ 
1739,  Jan.  24112,5111,3 
Aug.  19|1 44,3 142,7] 


32,2  19,4165,1 

34,8  14,9165,1 

34,9.  15,5165,1 

34,9^  15,7164,1 


35.3  19,2|165,0 
35,4-18,4|164,7 

36.4  +  15,3163,0 
88,1  -18,6|l62,2  5,7156,5 


8,8156,2 
8,8154,9 
8,8|  156^ 
8.8!  154,9 
"878156,3 
7.8157,3 
7,8157,3 
7,7 15M 

7,6157,4 
7,5 157,2 
6,9156,1 


16  56 
16  50 
16  48 
16  40 


8  8 
8  2 
755 
7  52 


16  37 
7  2940  4 
29  30 
29  27 


28  4 
9  0  1, 

1  58 

2  56 

855 
7  20  14 

23  6 

24  3 


20  52 
22  49 

24  46, 

25  441 
26"~43 
13  2 

15  54 

16  51 


27  1 
26  26 
20  8 
9  1 


7  49 

10  52 
20  42 
20  39  _ 
"1813  9  835  6   1  23 

17  38     18  24     11  12 

11  20  1  23  231016  11 
0  13  8  14   1  5  6  49 


S  8 
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0  Drac. 


1739,  Aug.  20  144,2142,6 
24143,5  142,0 
26144,0142,4 
27144,3142,7 


Mea- 
•uml 
Di>L 


(lured 
Dirt. 


Pre- 

rejoicm. 


38,1 
38,2 
38,2 
38^2 
38,2 
38,2 


:  ay  143,2 141,6 
30143,3141,8 
31 143,8142,2  38,3 
Sept.  2143,6|142,0|  38,3 


1740,  Jan.  20 108,21107,0 
::  26106,5jl05,3 
Aug.  9136,5;135,0 


18137,0135,5  41,2 


Aber. 
ratiun. 


18," 


19,0161,2 


19,1 
J9^2 
19,2 


Sept. 


19137,0135,5  41,2 
81188,9.136,7  41,2 
24137,2135,71  41,2 
25  138,01136,51  41,3 

"28 137,5130,0  41^3 
29137,7136,2  41,3 
5, 136,01 34,5  41,3 
8, 137,01  35,5,'  41,4 

41,5 


20135,0133,5 
1741,  Jan.  26j  99,0|  97,9 
Aug.  27131,2129,8 
28131,2129,8 


2y  130,8 129,4 
31 132,0130,6 
Sept.  2131,7130,2 
6131,0129,6 


21  130,0, 128,t 

1742,  Sept.  5  125,7124,8 

6125,8123,9 

1743,  Sept.  2119,0117,7 


3119,5118,2 
1745,  Sept.  2108,5107,3 
5  108,8 107,6 


42,6 
44,3 
44,3 


19,1 


Cor- 


Nuu- 
tiun. 


DM, 


162,0 


5,7156,3 
5,7155,5 


161,5]  5,6155,9 
161,71  5,6156,1 


160,6|  5,6155,0 

19,3  160,7  5,6155,1 

19,3 161,2  5,6 155,6 

_  -19,4 160,9|  5,6;155,3 

39,4+14,4160,81  4,6156,2 

39,5  +15,7 160,5!  4,6155,9 

41,1 -17,6 158,5j  3,1,155,4 


18,6 158,1 1  3,0'155,1 

18,7158,0 
18,9159,0 


157,8 


19,2jl58,6 
19,2158,1 
19,3158,2 
19,4156,4 
19,4157,5 
-18,7156,3 
+  15,9156,4 
-19,2154,9 
19,2154,9 


3,0 155,0 
3,0156,0 
3,0 154,8 
3,0155,6 


8. 

7 


Muuir. 

Nod* 


858 
8  45 
839 
8  36 


Arjfunwtut 

of 

Alwrratioti. 


Sun'a 
Longitude. 


8  29 
8  26 
8  23 
8  16 


&  • 
4  0  101 
3  29  57' 
29  51 
29  48 


29  41 
29  38 
89  35 
29  28 


8  14  59; 
18  511 

20  48! 

21  47 


0  52 
033 
6  20  10 
19  41 


22  4 
21  45 
11  22 
10  58 


23  42 

24  40 

25  39 
27  85 


8.  • 

5  7  47 
11  39 
18  36 
14  34 

16  30 

17  28 

18  Vt 
20  23 


1  19  610  11  54 


25  10 
8  5  6 
18  47 


44,3 
44,4 
44,4 
44,4 
44,51 
47,4 
47,5 
50,5 


19,3154,4 
19,8155,7 
19,4155,2 
19,4154,6 


3,0155,1 
2,9155,3 
2,9153,5 
2,9154,6 
2,8153,5 
-1,8154,6 
0,0 154,9 
0,0 154,9 


50,5 
56,6 
56,6 


1746,  Sept.  :  151107,9 106,0j  59,8 


18,5  154,6 
19,4|152,3 
19,4152,0 
19,3'l48,9 


0,0154,4 
0,0155,7 
+  0,1  155,3 
0,1 154,7! 


19  38 
19  32' 
19  22' 
19  19' 

19  9~ 
19  61 
18  44 
18  341 
1758" 
11  14 
5  29  53 
29  50 


10  50i 
10  44; 
10  34 
10  31' 


14  45 
16  41 

19  35 

20  34 


10  21 
10  18 
9  56 
9  46 

9  8 
2  26 
2  21  5 
21  2 


23  28 

24  26 
9  1  15 

4  11 


15  5 


.5610 


1  25 
8  22  16 
23  14 


29  47 
29  40i 
39  34 
29  21 


0,2154,81 


3,1 
3,1 


155,4 
155,1 


5,7 154,(5 


10  5 
10  1 
4  20  54 


20  59 
20  52J 
20  46 
20  33 


24  12 
26  9 
28  6 
9  2  0 


19107,5  106,3:  59.8 
20  106,0  104,8  59,8 
1747,  Sept.  1 104,5 103,4  62,7 
2105,5^104,31  62,7 


19,4149,3 
19,4144,5 
19,4144,8 
19,0|l46,8| 
18,8147,3|~ 
18,7|145,S 
19,3146,1 
19,4|l47,( 


5,7155,0 
8,8153,3 
8,8153,6 
8,9|155,7 


8,9  156,2 
8,9 154,8 
8,1 154,9 
8,0155,6 


20  51 
3  12  12! 

12  2 
2  22  11 


1  13 

1  12  6| 

12  3: 
0  3  24 
8  14' 
11  13  m 


~T6  42 

0  47 

1  45 
8  27  38 


17  58 

4  27  54 

5  635 


783 
9  29 
12  23 
18  22 


16  16 

17  141 
24  3 
26  59 


6  845 
18  44 
5  15  4 
16  2 


17  0 

18  57 
20  54 
24  48 


6  980 
5  23  35 
24  33 
20  26 


28  36  21  24 

28  8  20  56 

9   13!  23  51 

10  36  6  3  24 


21  58;     13  10, 
21  551     13  7| 
3  3510  24  47| 
3  32|     24  44 


14  31!  719 

15  SO  8  18 
8  26  42  5  19  30 

27  40     20  27 
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a  Cassiopeae  south  of  34°  55'  to  Sept.  27,  1729  inclusive,  and  in  1730, 
June  7,  11,  19.    North  in  the  other  observations. 


+ 19",93  annual  precession. 

I6",55  maximum  of  aberration. 
1 1«  23°  33  =  12'- righi  ascension  of  the  atar. 

1 1"  20°  2"=longitude  of  the  sun'a  place  when  the  aberration  in  declination  is  0. 
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REDUCTION  OF  THE 


Nuu- 

Mean 

ti.m. 

I)»t. 

+ 

• 

4,5 

68,4 

4,6 

70,1 

Cass. 


Ms- 
tunnl 
Dm. 


Pre- 


Diu. 


1728,  June  17 
S3 

241 
28 


56,0 
56,7 
56,0 
54,0 


Alwr- 
ratiiM  . 


I  Cr- 
nrrtcd 
Dirt. 


271 
29 
31 


5:1,4 
48,0 
46,8 
46,5 
33,0 
33,0 
30,0 
29,5 


55,4  24,4  15,9 

56,1  j  24,7  15,3 

55,4!  24,7  15,2 

53.4  25,0  14,8; 

52,8  25^  13,6" 

47.5  26,6)  9,6 
46,3  26,7^  9,1 
46,0  26,8i-  8,7 

32,6f 
32,6 
29,7 
29,2 


65,d 
64,9 
63,6 


64,6 
64,5 
63,9 
64,1 


Argument 
Of 

Nutation. 


MlXHl'l 

ascend. 
N.idr. 


4,6 
4,6 


4,6 
4,8 

4,8 


69,5 
68,2 

69« 
69,3 
68,7 
68,9 


9  4911 

29  30 
29  27 

29  14  

28  52 
27  42 
27  35 
27  29 
25  9 
24  57 
24  54 

3* 51  _ 

"24  48  ~ 
23  2810 
23  18 
22  37 


616 

5  57 
5  54 
5  41 


Argmnent  Wi 


S.    .    '  i 

3  17  30 

23  12 

24  9 


Si 

4  31 
3  56 


4  4  36 
25  35 
27  30 
29  24 


8.    .  / 

3  7  32 
13  14 
1411 
17  59 
24  38 

4  15  37 
17  82 
19  26 


1  36,  612  3 
1  241  15  58 
121|  16  57 
1  18     17  56 


114J 
29  55 
29  45 
29  4 


18  55 
713  42 
17  42 
28  43 


6  2  5 
6  0 

6  59 

7  58 

8  57 

7  3  44 
7  44 

18  45 


1729,  Jan.  25 
Feb.  25 
26 

March  17: 
18! 
April  9: 
June  3 
4 


17,5 
24,3 
23,0 
29,5 


17,3 
24,0 
22,7 
29,2 


31,5; 
33,0 
35,7, 
36,7i 


11 

24 

Sq>t.  27 
Oct.  14 


31,2 
32,7 
35,4 
36,4 

36.5  36,2 

35.6  35,3 
36,5  36,2 
37,0;  86,7 

35,2 
82,7 
5,4 
1,0 


36,5  9,2 

38.2  0,6 
38,2+  0,3 
39,3-  5,0 

39.3  5,3 
40,6j  10,7 
43,6:  16,5 
43,6!  16,5 


3.5,5 
33,0 
5,5 
1,0 


43,7|  16,4 

4S,7|  16,4 

43,8  16,4 

43,8  16,4 


15 
17 

Nov.  23 
28 


1,0 

0,7 
9,0 

8,2, 


1,0 
0,7 
8,9 
8,1 


44,0  16,3 
44,7-15,2 
49,9+  7,1 
50,8  11,2 

50.8  ~TT7l 

50.9  11,8 
53,0  16,4 
53,3  16,5 


6a,0 
62,8 
61,2 
63,5 
65,2 
62,6 
62,51 
6.3,5 
63,5  j 
62,6 
63,6, 
64,1; 


6,0 
6,2 
6,2 
6# 

6,8 
6,5 
6,8 
6,8 


69,0 
69,0 
67,4, 
69.  n 
71,5 
69,1 
69,3 
70,3 


20  27 
20  21' 
20  14 
2011 

18  4 
16  25 
16  22 
15  22 


26  54 
26  48 
26  41 
26  38 

24  31110  26  5310  16  55j 
22  5211  27  5811  18  0| 


11  14  9  1  It 

13  16  3  It 

15  W  5 ! 

1618  6 


62T)- 
62,2, 
62,4 
61,0 
6M" 
62,0 
60,5 
61,7 


6,8 
6,8 
6,8 
J3,8 
6,8" 
6,9 
7,4 
7,4 
7,4 
7,5 
7,6 
7,6 


70,3, 

69,4 

70,4[ 

70,9 

6977 

69,1 

69,8 

68,4 

68,6 

69,5 

68,1 


15  19 
14  9 
11  14 
11  11 
11  8 
11  4 
11  II 
10  58 


22  49 
21  49 
21  46 
20  36 
17  41 
17  38| 

17  35!" 
17  81 
17  28| 
17  25 


28  59 

0  18  44 

19  43 

1  11  12 

8  8  57, 
4  54 


18  59 


0  8  46 


9  45 

1  1  14 

2  23  59 
24  56 


5  51 

6  48 

7  45; 

8  42 


25  53 

26  50 

27  47 

28  44 


10  47 
10  7 

5  5; 
4  11 


17  15 
16  34 
11  32 
10  38 


11  33  8  1  35 
21  54     11  56 

6  25  35  6  15  37 

7  12  27  7  2  29 


4  8 
4  2 
2  4 

1  48! 


10  35 
10  29 
8  31 
8  15 


13  27 
15  27 
8  22  42 
27  46 


3  29 
5  29 
8  12  44 
17  48 
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1730, 


10,0 
H,0 
U,0 
18,8 


30,8 
31,3 
32,2 


1782,  Jan.   8  40,7  49,2 
April  17 


Dec.  SOI  68,0  67,8114,8  +14,2 
64,8116,0  +10,0 


65,5 


1733,  Jan.  21 
1784,  June  12  q63,0  62,8148,7  -16,8 
13  63,5  62,8143,7-16,2 


53,5 
53,5 
58,6 
53,9 


54,0 
63,7 
63,9 
64,4 


73,8 
73,9 
74,0 


95,4 
100,8 


Aber- 
ration. 


16,5 
16,5 
16,5 
16,4 
16,3 
16,4 
16,3 
15,8 


16,4 
16,3 
16,2 


f  12,9 
-12,8 


Dec.  11  106,6105,4153,6 
22  106,0  104,8154,21 


+  16,3 
15,3 


15,0 
15,2 
+  14,6 


60,8 
60,6 
61,7 
59,6 

60,4 
61,1 
61,4 
61,8 


Nuta. 


59,4 
58,9 
58,0 


59,1 
61,8 
61,7 
61,2 


65,1 
64,7 
64,5 
64, 


If  1 


7.6  68,4 

7.7  68,3 
7,7  69,4 
7,7)  67,3j 

7.7  68,1 

8.3  69,4 

8.4  69,8 
8,4)  70,2 
8,8;  68,2 

8.8  67,7 
8,8  66,8 


8,9 


68,0 
70,0 
69,7 
69,1 


Argument 

•r. 

Nutation. 


Moon's  I  Argument  i 
ftivnul.    I  of 

Node.  'Aberration. 


Sun's 


2  51 

3  51 
453 
9  58 


18  21 
18  14 
18  11 


10  59 
3  7  31 

11  20 
18  5C 

9  9  42 

10  44 

11  45 


24  55 
9  0  0 

TT 

2  27  33 

3  1  22 


29  44 
046 
1  47 


8  27  2610  8  55     28  57 
22  8  1  19  3  1   9  15 
8  3110  0  84  9  20  36 
7  21     22  5210  12  54 


*5 107,0 105,81154,4 
1738,  Dec.  23 178,2 176,3  234,0 
28  178,0  176,1284,3 
J1740,_June  2171,0169.1  g62,7Ul6,5 
1747,  Feb.  27336,0332,3  397,1|+  0,1  64,9j  +  4,7|  69,6,10  2811111   4  3811  29  35lTl9~37 


67,2 
65,7 
65,5 
68,2; 


23  41 
4  625 
6  9 
3  8  31 


710  31  312  18 
10  27     13  15 
0  52  9  10  46 
0  17     21  57] 
"7  0  8     25  0 


8  220 
3  17 

9  048 
11  59 


12  52 
12  86, 
14  58 


22  59 
28  4 
3  3  19 


15  2 
13  1 
18  6 
2  23  21 


/3  Cassiope*  north  of  32°  20'. 

— 20",053  annual  precession. 

1 7  ",51  maximum  of  aberration. 
0*    Is  1 1'=  1 2*-  right  ascension  of  the  star. 

II*  14s  53'= longitude  of  the  sun's  place  when  the  aberration  in  declination  is  0. 


0  Cass. 

Mm. 
wired 

Da*. 

Ahex- 

Bat. 

l>i*E. 

Nuta- 

don. 

Me»n  | 

Di«_ 

Argument 
of 

Nutation. 

MotHl'» 

ascend. 

Node. 

Argument 

of 

Aberration. 

fart 
Longitude. 

1727,  Aug. 

33,0 

.  I 

32,6 

8,1 

+ 

1,5 

• 

26,0 

H 

1,0 

25,0 

8.    .   / 1  &  • 
11  23  2011  22 

/ 
9 

« 

B  4 

25  1 

S.    .  / 

5  9  54 

30 

33,3  32,9 

8,6 

-  0,8 

28,5 

1,1 

22,4 

22  55 

l\ 

44 

6 

2  46 

17  39 

Sept 

.  4 

38,4  88,0 

8,8 

2,3 

26,9 

1,1 

25,8 

22  89 

28 

738 

22  31 

8 

40,7 

40,3 

9,1 

8,5 

27,7 

1,2 

26,5 

22  26 

21 

15 

11  83 

!>G  %\ 

9 

42,0 

41,5 

9,1 

8,8 

28,6 

1,2 

27,4! 

22  23 

21 

12 

12  30 

27  23 

11 

::41,9 

41,4 

9,2 

4,4 

27,8 

1,2 

26,61 

22  17 

21 

(i 

14  28 

29  21 

15 

43,5 

48,0 

9,4 

5,5 

28,1 

1,2 

26,9; 

22  1 

20 

50 

18  23 

6  3  16 

16 

44,8 

43,8 

9,5 

5,8 

2S,5 

1,3 

97  91 

21  58 

20 

47 

19  22 

4  15. 
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0  Cass. 


Mot. 
•urad 
DiM. 


1728,  Nov.  29  83,0 
30  83,5 
Dec  1|  83,0 

 4  82^3] 


82,1 


9 

11  83,5  82,6 
13  82,5  81,6 

 wjwj) 

~"2T~837S 
1729.  Jan.  22]  78,0 
Feb.  26  68,7 
March  17:63,5 
64,5 


Argument 
Niilatiim. 


luN-nid. 


Argument 


26,4  10  28  41  10  27  SO  9 


4,7  26,fc 
4,7  26,3] 
4,7  25,5! 


59,0 
58,5 
57,5 


30,9 
16,8;  31,5 
16,7  30,5' 
16,4'  31,1 1 
82,4  34,9    15,7,  31,8" 
TIM  86,©-  9,0  81,6; 
68,0  88,5;  +  1,2  30,7 

62,8'  39^6]  6^8^30,0 

"63^;  89,6|     7,1,  81,3." 

29,9 

81,4 
30,3! 


4,7 
4,8 
4,8 
4j8 
4,8 
5,0 
5,3 
5,4 


58,4 
.>7,!) 

56,9 


39,6 
40,9 
43,8 
4ii,9 


7,1, 
12,4! 
17,31 
17,3] 


26,2 
26,7 
25,7 
26,3 

27,0 
26,6 
25,0 


28  35 
28  27 
2HTT 
28  5 
27  59 
27  49 


27  27 
27  24 
27  16 


27  33 
25  51 
24  0 
23  0 


57.4  56,8  43,9  17,8|  30,2, 
57,0  56,41  44,0  17,2  29,6 
57,7  57,1  4-4,0  1  7,2  30,3 
57JJ-  56,4'  44,1)  17,1 1  29,4 
59,0,  58,41  44,2    16,9  31,1 

59.5  58,9|  45,0! +  15,4  29,3 
93,0  50,9  -12,1  30,0 
94,0|  51,1 1  12,9  30,0! 
9579,  51,1     13,2  81,6 

51,2  13,5 


94,0 
95,0 


6,0 
6,0 
6,7 
6,7 


97,0 
171  97,«  96,7 
Nov.  23jl04,5;103,4|  58,4 
28|l05,2'lQ4,l|  53,6 

53,9 
54,31 


31105,0103,9 
10105,51104,4 
ll|l06,7 105,5 
79,5  78,6 
80,0 
79,5 


9128,0126,6 
11  127^3 125^ 


54,3 
64,1 

79,1  64,3 
78,6'  64,8 


17,41 
17,5| 
17,8| 
17,0 
—16,9 
+  17,1 1 


1  127,3125,9  74,4j 
2127,8  126,4  74,4 
4126,0124,6  75,1 
96,0, 


:  241 

1732,  Jan.  8145,0143,6 


16,91 
+  16,1 
74,3! -17,0 
74,4]    16,9t  34,6] 


32,0 
32,6 
33,0 

82,7 
83,1 
34,3 
31,6] 

3177 
29,9 
85,3 


5,4  25,9 
5,6  24,3. 
5,9  25,5 
5,9  24,4]] 
5,9,  24,3| 
5,9  23,7 1 
5,91  24,4, 
6,0|  23,41 

25,1  j" 
23,3 
23,3 
23,3 

24^9 
25,3 
25,7] 
26,1  ! 

25,7  * 
26,1 1 
27,3 1 
23,8 

23^8 
22,0' 
26,8 
26,1 


27  0 
26  54] 
26  48 
26  38 
26  22 


26-351     11  28 


!4  4010  28  5910  13  52 


22  49 
21  49 


22  57 
21  47 
18  52 
18  49 
is  46 
18  43 
18  39 
18  36 


18  26 
1745 
12  2 
11  49 


6,7 
6,7 
6,9 
6,!) 

7,0 
7,0 
7,0 
7,8 


21  46 
20  36 
17  41 
17  38 


4  511  1858 
23  51]  0  8  44 
24 


17  35 
17  32 
17  28 
17  25 


50 

1 15  in 

8  9  4 


9  48 

1  0  12 

2  23  57 


10   1'     24  54 


25  51 

26  49 

27  46 

28  48 


17  15 
16  84 
10  51 
10  38 


11  46 
11  40 

942 
926 


10  85 
10  29 
8  31 
8  15 


7,9 
7,9! 
8,5' 
8,5 


16,8  35,2i  8,5 
15,3|  34,2  8,5 


26,7 
25,7 


9  10 
8  48 
8  45 
9  29  19 
29  7 
28  41 
19  85 
19  29 

19  26 
18  34 


7  59, 
7  37 
7  34 
9  '2H  H 

27  56 
27  S0| 
18  24 
18  18 


16  41  3  1  34| 
29  2     13  5.5 

713  36  6  28  29 

17  35  7  2  28 

18  351  3  281 
20  35       5  28' 

8  27  50  8  12  43 

9  2  54     17  47) 
7  59]     22  52 

15  6     29  59 

16  71  9  1  0 

3  12  39  2  27  321 
16  27  3   1  20 

4  4  3  18  56! 
9  13  50  8  28  43! 

15  52'  9  0  45 


18  15 
17  23 


Dec.  80164,5162,7115,61 


32.9 

1788,  Jan.    1,164,2162,411577  ^13^  82,8 
1784,  June  12|158,5 156,8  144,6  +  16,#  29,0 
13 159,0 157,3 1 44,6  +  16,7  29,4 


Dec  1 1  204,0  201 ,8 154,6|  - 16,9  30,3i 

80.6 


8,4 
6,0 
6,0 
4,8 


16  53 
29  5 


12J>j  35^0    9J>|  26JV  8  28  37  8  27  2610  14  3] 

14,2|  32,9|    8,4  24^5  93»|      8  28       5  41 

24,  4       9  36 
23,0   711  42 
1139 
2  8 


1 

13  58 
28  56 
20  SI 


22  203,5  201,3155,1! 
25  203,0  200,81 155,2] 

1738,  Dec  22  276,5  273,5  235,41 

23  276,0273,0235,5 


15,6 
15.2 
15,6 


4,7 
30,41-4,7 
22,51+6,5 


15,5  22,0i    6,5  28,5] 


2.3,4 
25,5 


7  43 
8  17  26 
10  28     18  23 
0  52  J)  1.3  54] 

0 17  «T"i 

0  810  0  7 
4  12  55  9  27  6] 
12  52  28 


22  36 
3  2  19 
3  16 
9  0  47 


11  58 
15  0 
11  59 

7l     13  0 
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320  REDUCTION  OF  THE 


Mm, 
miml 
Dirt. 

Re- 
duced 
Ditt. 

Pre- 

HI. 

Aber- 
nuii<ii. 

Cor- 
rected 
Di.t. 

Nuta- 
tion. 

Dirt. 

Argument 
of 

Nutation. 

Mooo'i 
attend. 
Ni»l... 

Argument 
of 

A  twrraUon. 

Sun'. 

Longitude. 

1788,  Dec.  28 
1740,  Jan.  21 
1747,  Feb.  27 

• 

273,8 
291,0 
433,5 

"  7 

270,8(235,7 
287,8257,1 
428,8399,5 

14,7 
-  9,5 
+  1,4 

m 

20,4 
21,2 
30,7 

+ 

6,5 
+8,8 
-3,7 

* 

26,9 

&  .  < 
4  13  47 
3  23  11 
11   5  49 

8.    .  - 

4  12  36 
3  22  0 
11    4  88 

8.  *  ; 
10  312 
27  17 
0  443 

&   .  i 

918  5 

10  12  10 

11  19  36 

Capella  south  of  44s  15'. 


+  5",42  annual  precession. 

8", 07  maximum  of  aberration. 
9'  15»  44  =  12'— right  ascension  of  the  star. 

2'    1°  15  =  longitude  of  the  sun  s  place  when  the  aberration  in  declination  is  0. 


Capella. 


1727,  Aug. 

ni. 


Sept. 


.Me*, 
mi  ml 
Dirt. 


22159,6157,9 
25159,3157,6 
26159,5157,8 


4159,0157,3 
5159,7158,0 
7160,2158,5 
8159,3157,6 


Re- 
duced 
Dirt. 


|  Pre- 
cenon. 


2,2 
2,3 
2,3 


Aber- 
MhOi 


I  Cor-  I 
reeled 
Dint. 


Nuts-  Mean 

tiun.  Dirt. 


8,0152,1 
7,91152,0 


8,9 161,0 
8,9  160,9 


7,9|152,2  8,9161,1 


2,4 
2,4 

2,5 
2,5 


m. 
n. 


91160,0158,31 
10il60,U58  4 
:  14158,1 156,4 
:  23|158,3|156,6 


7,6152,1 
7,5|152,9 
7,5153,5 
7,4,152,7| 

7,3158,5" 
7,2153,7 
7,0152,0 
6,2153,1 
271158,31156,61    2,8.  5,8153,6 
Oct.  :  13155,0153,3    3,01  4,0152,3 
:  20 154,6 152,9    8,1  -  3,2152,8 
Nov.  :  14 152,S|150,6    3,5  +  0,3 154,4 


8,9161,0 
8,9 161,8 
8,9 162,4 
8,9161,6 


2,5i 
2,5 


8,9162,4 
8,9162,6 
8,9160,9 
8,9162,0 


9,0162,6 
9,0161,3 
9,0161,8 
9,0163, 


+  16153,9152,2! 
Doc.  5  148,9,147,8 
9149,8148,2 
12149,8jl48,2 


1728,  Jan. 


13147,51145,9 
21 148,4jl46,8 
12|145,3143,7 
J6jl44,3 142,7 

24148^2141,6 
26143,0.141,4 


3,5, 
3,8' 
3,8 
3,9 
3,!) 
4,0. 
4,4 
4,41 


0,6156,3 
3,2154,3, 
8,7i  155,7 
4,l|l56,2 


1 

.i 


Feb. 


27,143^142,0 
_2|142,4[140,9 


4,5 
4,6 
4,6 
4,7 


4,2  154,0 
5,1  155,9| 
7,1  155,2 
7,4154,51 

7,8)1.53,9 
7,8153,8 
7,9154,5 
8,01 


9,0165,3 
9,0163,3 
9,0 164,7, 
9,0 165,2! 
9,0163,0 
9,0164,9 
9,0164,2 
9^0163^5 
9,0162^9, 
9,0|l62,8 

9,0,19^6 


Argument 
of 

Nutation. 


Mocm'i 
"ttMe.' 


9  7  5311  22  ! 
7  44  22 
7  41,     21  571 


7  12 
7  9 

7  3, 
6  59 


6  56 
6  53 
6  40! 
6  12 


5  59 
5  8 
4  46, 
3  271 


3  2U 
2  20 
2  7 
1  58 


1  55 
1  29 
0  19 
0  6 


8  29  41 
29  34 
29  27 
2912 


21  28 
21  25 
21  19 
21  15 


21  12 
21  9 
20  56 
20  28 


20  15 
19  24 
19 
17  43 


Argument 

of 


.Sun'a 


3  8  51 

11  45 

12  43 

~21  29 
22  27 

24  24 

25  23 


5  10  6 
13  0 
13  58 


22  44 

23  42 

25  39 

26  38 


26  21 

27  20 
4  1  15 

10  6 


14  2 
29  56 

5  6  54 

6  2  3 


17  36 
16  36 
16.23 
16  14 


4  5 
23  20 
27  24 
7  0  26 


27  36 

28  35 
6  280 

11  21 


15  17 

7  1  11 
8  9 

8  3  18 


520 
24  35 
28  39 
9  1  41 


16  11 
15  45 
14  35 
14  22 


1  27j  2  42 
9  36|  10  51 
1  5610  3  11 


5  59 


7  14 


13  57 
18  50 
13  47, 
13  28 


15  19 

17  21 

18  21 
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WANSTED  OBSERVATIONS. 


Capclla. 

M«t- 
•ural 
Dirt. 

He-  1  n 

AW- 

(nr. 
rated 

Hula 

tiufL 

Mwui 
Dirt. 

+  1  + 

+ 

::  4142,0140,5 
5143,0141,4 

 14142^5141,0 

18141,6140,1" 
21141,7140,2 
March  2143,2141,6 
6143,5141,9 


4, 

*1 


8,0153,2 
8,0|  154,1 
8,0153,8 


7144,0142,4 
8143,9142,3| 
12143,3141,7 
18143,0141,4 


19144,8143,2 
21,144,4142,8 
22144,7143,1 
April  16  147,7146,1 


8,0 158,0 
7,9 153,1 
7,5154,2 
7,2154,3 
7,2 154,8 
7,11154,6 
6,9153,9 
6,4|153,1 

6,3154,8 
6,1 154,2 
6,0154,5 
3,3,155,2 


23  148,1 146,5 
28149,0147,4 
May  7150,8149,2 
::   8  149,5  147,9 
:  10  1527)  150,3 
June  5154,0152,3 
7 155,2  153,5 

 12156^0154,3 

171156,0  154,3 
22 156,2  154,5 
:  23 156,8 155,1 
:  24 155,0 153,3 


July 


25156,5154,8 
4155,0153,3 
5155,5153,8 
6!l56,0[  154,3 
"12155^153,8 
13156,0154,3 
19156,7155,0 
20  155,5153,8 


Aug, 


27|  155,5  153,8 
29|155,8 154,1 
3|154,5  152,8 
7153,0151,3 
~~8;  153,5 15T.8 
13I151.3 149,7 
191151,3149,7 
22153,7152,0 


2,4154,7 
1,7155,0 
0.5  155,7 
0,4 154,4 

"0,1 1 156,5 
3,3155,5 
3,5,156,6 

jM[l56>8 
4,7|  156,3 
5,2156,0 
5,31 156,6 
5,4154,7 


12150,7149,1 


151,8 
151,8 
151,8 


5,5-156,1 
6,3154,0 
6,4)154,4 
6^154,8 
6,91154,0 
7,0154,4 
7,4154,7 
7t4|l53,6 
7,8|153,3 
7,8153,6 
8,0 152,2 
150,8 

uT$ 

149,2 
149,3 
151,7 
7,9151,7 
7,9151,7 
7,7151,9 
7,1 

Tt 


8,0 

8,1 
8,0 
8,0 
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REDUCTION  OF  THE 


Capella. 


Mm- 
mrcd 
I  1  -i 


Re. 
dunol 
Dirt. 


Pn. 


1728,  Sept.  : 


13149,7148,1 
16147,5  145,9 
IK  150,5  148,9 
22|l52,0 150,8 


2(5149,0147,4 
30,148,7147,1 
Oct.   11 49,5 147,9 
Nov.  16 146,5  144,9 


8,0 
8,1 
8,1 
8,1 


+  0,1  Dec 


144,4 
,5142,9 
9 142,3' 140,7 
13142,o!l40,4 


8,2 
8,3 
8,3 
9,0 


Aber- 
ration. 


Cor- 
rrrt«l 

1H«. 


7,0149,1 
6,8147,2 
6,6j  150,4 
6,3152,1 


5,9149,7 
5,4150,0 
-  5,3150,9 
+  0,7154,6 


16141,0139,4 

24141,0139,4 
1729,  Jan.  19138,4136,8 


25138,0)136,4 
Feb.  1137,0135,4 
6137,2135,6 
7 137,81 136,2 


9,0 
9,2 
9,3 
9,4 
9,4 

9,5 
9,9 
10,0 
10,1 
10,2 
10,2 


1,1 154,5 
2,8 155,0 
3,8 153,9 
4,3 154,2 


12  187,0  135,4 
14 137.7|  186,1' 
15186,7  135,1 
24136,3134,7 


10,3 
10,3 
10,3 
10,5 


March 


25137,3|135,7 
26137,5135,9 
27137,3135,7 
28138,0136,4 


+  0",1 


9137,7136",! 
10;i38,0 136,4 
17137,5185,9 
25139,0137,4| 


10,5 
10,5 
10,5 
10,6 


10,7 
10,7 
10,8 
10,9 


April  18 148,0  141,4 
May  14146,0144,4 
26148,4146,8 
:  31 1149,0147,4 
June  : .   3.1 48,71 47,T| 


11,3 
11,6 
11,8 
11,9 
12,0 

4!149,2;147,6  12,0 
6  1  49,5  1  47,9  12,0 
7|150,0 148,4  12,1 


20150,5  148,9!  12,3 
23; 150,2  148,61  12,3 
24 150,0  1  48.41  12,8 
 26,151,0  149,4  12,3 

q.      29148,5146,9  12,4 

30 152,0  150,3;  12,4 

July   1 151,0149,4  12,4 

12153,5,151,8  12,6 


Nuta- 
tion. 


Menu 
Dirt. 


8,7 157,8 
8,7 155,9 
8,7159,1 
8,7 160,8 


8,7158,4 
8,6158,6 
8,61159,5 
8,6163,2 


4,6 153,5 

5,6154,5 
7,6154,4 


7,8154,3 
8,0153,6 
8,1 154,0 
8,1 154,6 
lM)  153,8 
8,0  154,5 
8,0158,5 
7,9153,2 


7,8 154,1 
7,7 154,2 
7,7 154,2 
7,6 154,7 


7,1  154,0 
7,0154,2 
6,5 153,3 
5,8 154,2 


8,6163,1 
8,6 163,6 
8,6162,5 
8,6162,8 

"8^6,162,1 

8,6,163,1 
8,5|l62,9 
8,5|162,8 
8,4162,0 
8,4162,4 
8,41163,0 
8,4  162,1 
8,4162,9 
8,4161,9 
8,4jl61,6 

8,4162,5 
8,4,162,6 
8,4162,6 
8,4163,1 


+  3,0155,7 
-  0,4155,6 
2,0156,6 
2,7156,6 


3,0156,1 
3,1  156,5! 
3,4 156,5 
3,5157,0 
5,0156,2 
5,8155,6 
5,4155,3 
5,6 156,1 


8,8162,3 
8,3162,5 
8,3161,6 
8,3162,5 

1^2 163,9 
8,1  163,7 
8,ljl64,7 
8,0164,6 

8,0 164,1 
8,0 164.5 
8,0164,5 
8,0 165,0 
"8,0164,2 
8,01R3,6i 
8,0163,3 
8,0164,1 


5,9153,4 
6,0156,7 
6,1  155,7; 
6,9137,5; 


7,9161,3 
7,9164,6 
7,9163,6 
7.9165,4 


9  4  3  10  19| 
11551  13  10 
12  52|  14  7 
14  47     16  2 

17  37:     18  52 

18  34     19  49 

19  32  20  471 
29  59  4   1  14 
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Capclla. 


Mo.  |  Re 
fund  duced 

Di>t.  Hi.:. 


1  Pm- 

AW- 

msiou. 

ration. 

+ 

t  12,6 

7,1 

21 152,7151,0 
Aug.  7152,51150,8 

 111150,8149,2 

: :  13150,5,148,91 


Cor-  I 

out. 


Nuta-  1 
tioo.  1 


Men 

DiM. 


Aiyumrnt 
of 

Nutation. 


20152,0150,4 
22150,5148,9 


13,0 
13,0 

13,0 

13,2 
13,2' 


7,5,156,2 
8,0 155,8 
8,1154,1 


24152,3150,6 
311149,5,147,9 
Sept.  1  147,5il45,9 
 2:149,2,147,6 

:  31 48,5 146,9 
9149,71148,1 
19149,0147,4 
143,7142,1 


Oct.  8146,5144,9 
20146,0  144,4 
Nov.  2.5,142,5,141,0 
Dec.   2 140,2' 138,7 


10,138,7137,2 
1730,  Jan.  31 135,3 13.3,8 
Feb.  21  133,5  132,0 
24|134,o|  132,5 


13,2 
13,3 
18,3 
18,3 

1874 
18,5 
13,6 
13,8 

13,9 
14,1 
14,6 
14, 
14,8 
15,6 
16,0 
16,0 
T67! 
17,3 
17,3 
17,5 


March  3184,2132,7 
May    251142,3  140,8 
27|144,T|143,1 
June  6146,0144,4 

19148,0146,4  17,7 
July  14149,3147,7  18,1 
15148,5146,9  18,1 
 17 1 50.21 1 48^6  18,1 

Aug.   5149,0  147,4  18,4 

6148,5146,9  18,4 

:  9 148,5;  146,9  18,4 

:  12,147,5;145,9  18,5 

13149,0147,4  18,5 

16  1  48,0  146,4  1  8,5 

18  1  47,0  1  45,4  18,6 


8,ljl5S,H 

8,0155,6 
8,0154,1' 


7,9155,9 
7,7158,5 
7,7151,5| 
7,6153,3 


7,6152,7i 
7,3154,3 
6,6154,41 
5,6150,3 


4,6154,2 
8,1  155,4 
1,9157,5 
2,9 156,3 

3,9 155,9 
8,0157,4 
7,9155,9 
7,8156,3 

1  K 


.     I    .  I 

7,9165,2 
7,9164,1 
7,8163,6 
7,8161,9 

7,8161,6  j 

7,7168,3 

7,7161,8; 

7,716.3,6 

7,7161,2 

7,7159,2! 

7,7161,01 

7,7160,41' 

7,7 162,0 

7,6162,0 

7,6157,9? 

7,5161,7 

7,5162,9! 

7,3 164,8 

7,31 68,6  j 

7,2 168,1 1 
7,01 64,4 1 


Miami's    I  Argument 
ascend.    !  of 
Node.  Aberration. 


8.  . 

8  1  14|10  15  30 

0  52 
7  29  58 


7,al56,3j  6,8168,1 
1,8156,3  6,3162,6 
2,1158,3  6,3164,6 
8,5158,41  6,2164,6 
5,6 1.58,1 |~~ 6^2 164,3 


20 146,5 144^9 
24147,3145,7 
:  25  1  45,5  1  43,9 
26il  46,5  144,9 


2!)]1 46,5  144,9 
Sept.  :  S'l  44,7 143,1 
8:147,71146,1 
Dec-  24|135,5!134,0 


18,6 

18,71 

18,7 

1817_ 

18,7 

18,8 

i8,*>; — 
20,5  + 


7,0158,8 
7,1  157,9 
7,3 159,  *\ 

7,7157,9' 

8,0157,8 

8,0157,3 

_8,1 157,21 
8,1 156^:" 
8,1 157,8' 
8,1 156,8 
8.0156,0 

"8^01 55^5" 
8,0156,4 
7,9 154,7 
7,9155,7 


6,0164,8 
6,0163,9 
6,0165,4 


5,9 163,8 
5,9163,7 
5,9163,2 
JJ^lftM 
5,8162,1 
5,8163,6 
5,8 162,6 
5,8161,8 

5,8 161,3 
5,7162,1; 
5,7160,4 
5,7161,4 

5,7161,5 
5,7160,0 
5,7 163,4 


7,8155,8 
7,6154,3 
7,3 157,7    a,  1 
5,5)160,0  5,0165,0,1 


~29~39 

29  17 
29  11 

29  ¥ 
28  421 
28  89j 
28.% 


»  / 
1  54 

15  8  8  85 
14  14  24  53 
U  lj  28  43 
18  55,  3  0  39 

7  24 
9  21 


13  S3 
13  27 


13  20 
12  58 
12  55 
12  52 


11  1 

18  4 

19  3 

20  1 


28  82 
28  13| 
27  42l 
27  10! 
26  41  " 
26  3 
24  9 
23  46 

2.3  21  f 
20  36, 
19  33 
19  20 


12  48 
12  29 
11  58 
11  26 
10  57 
10  19 
8  2.5 
8  2 


21  0 
26  51 
4  640 
16  31 


25  ^7 

5  725 

6  13  43 
20  49 


7  37 
4  52 
349 
336 


IjniiKimde. 


4    3  9 

9  50 
26  8 
29  58 


5  1  54 

8  89 
10  36 


12  32 

19  19 

20  18 
_2116 

22T.' 
28  6 
6  7  55 
17  46 


26  42 

7  8  40 

8  14  58 
22  4 

9  0  12 
J9(10  22  54 


28  57 

8  21 

9  12  4211  13  57 
15  42     16  57 


18  58 
14  34 
14  28 
13  56 

8  14 
9  28  60 
28  44 
28  12 

22  39 
0  13  9 
16  1 

25  32 

23  54 
2  14  24 
17  16 
26  47 

13  15 
11  55 
11  52 
11  46 

27  31 
2611 
26  8 
26  2 

1  753 

2  1  41 
2  38 
4  32 

3  9  8 

4  2  56 
3  .53 
5  47 

9  29 
9  13 
8  58 
3  18 


15  54 
20  471 
25  39 
7  12  .54! 


26  54 
914  9 
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REDUCTION  OF  THE 


Capella 


Mmu  Ke- 

tuml  i  dunnl 

rw»t.  I  D»t. 


Pre- 


1730,  Dec.  27' 

1731,  Jan.  S\ 

.  ::  24 


Feb. 


3 


6 

April  27 


Aug.  9 
b  10 
17 
19 


20 
21 

Sept.  9 
::  10 


::  121 
cr.  13 
22^ 

1732,  Jan.  4; 


8 

April  7 
17 


1733,  Jan.  31 

1734,  June  11 

12 

July  3 


U 
16 

Aug.  3 
6 


7 

Dec.  22 

2.5 

1737,  Jan.  9 
 18 

19 

1738,  June  19 

30 

Dec.  30 

1739,  Jan.  14 


Feb.  2 

\ 

1740,  Jan.  20 


85,3133,8 
34,5133,0 
33,7132,2 
33,.5;132,0 


Aber- 
ration. 


20,5 
20,6 
20,7 
20,8 


K.-i- 


32,0130,6 
34,0132,5! 
81,5130,1 
38,2136,7 


21,1 
21,1 
21,1 
22,4 


46,0  144,4 
46,5144,9! 
46,5144,9 
46,0  1  44,4! 


5,8 160,1 
6,51160,1 
7,5.160,4 
7,8160,6 

8,01159,7 
8,1 161,7 
8,1159,3 
1,9161,0 


23,9 
23,9 
24,0 
24,0 


Nuta- 
tion. 


.Mean 
Dirt. 


4,9165,0 
4,9165,0 
4,8165,2 
4,716.5,8 


Argument 

of 

Nutation. 


S 

7 


Moon 'a 
uratd. 
Nude. 


Alimnllrtti. 


Sun". 
Longitude 


3  8 
2  45 
1  .58 
1  39 


4,6164,3 
4,6166,3 
4,6163,9 
4,0165,0 


1  7 
1  1 

0  58 
6  26  43 


45,5  1  43,9 
45,7144,1 
46,5144,9 
44,5142,9 


24,1 
24,1 
24,4 
24,4 


45,3 143,7 
47,3145,7 
4.5,5:143,9 
34,0,132,5 


34,0132,5' 
33,8132,3 
38,0 136,5 


221:36,5135,0 


24,4 
24,4 
24,6 
26,1 
26,2 
27,5 
27,7 
27,7 


8,0160,3  3,3163,6! 
8,1  160,7  3,3)164,0 
8,1|160,8  3,2164,0 
8,0|160,4;  3,2163,6 1 
3,2163,2 
3,2  jl  63,4 
8,016.5,0 
3,0163,0 


8,0 160,0 
8,0 160,2 
7,3  162,0 
7,3 160,0 
7,1 161,0 
7,0163,1 
6,4162,1 
6,5165,1 


6,816.5,5 
4,8164,1 
8,1 167,3 

2,5165,2  +1,2166,4 


3,0164,0 
3,0jl66,l 
2,9166,0 

2.0167,5 
1,3165,4 
1,2168,5 


21  13 
21  10 
20  47 
J20  41 
~20~38 
20  35 
19  34 
19  31 
19  25 
19  22 
18  53 
13  22 


8.   •    /     S.    .    /  |  8.    .  / 

9  17  24  7  15  58  9  17  13 
17  1!  23  5;  24  20 
1614  8  8  1810  9  33 
15  5.5     14  21      15  36 


15  23  24  26 
15  17t  26  26 
15  13[  27  27 
10  5911  16  7 


.5  29 
5  26 
5  3 
4  57) 
4  54!" 
4  51 
3  50 
3  47 


5 


2  26 

2718 
8   4  2 
5  58 


25  41 

27  41 

28  42 
1  17  22 


I  27  35 
28  88 
5  5  17 
7  13 


6  56 

7  54 
26  22 


8  11 

9  9 

27  37 

28  37 


9  41  29  19 

338  4  0  18| 

3  9  9  8 

8  27  38  7  23  51: 


6  0  34 
1  33 
10  23 
925  6 


13  6 
8  24 
7  52 
736 


27,2  125,8 
39,0137,5[ 
39,0137,5' 
39,5138,0! 


31,8+  8,0  165$ -1,2 164,4 
39,4-  4,1172,8  5,0167,8 
39,4  4,1172,8  5,0167,8 
39,8     6,3171,5  5,1|166,4 


27  22  27  54 
22  4010  27  31 


29  9 
0  28  46 


22  811  712  1  8  27 
21  52      12  2     13  17 


40,5 139,0, 
40,0  138,5 
37,0135,5| 
40,0138,5! 

39,2137:7 
24,0122,6 
25,7124,3 
15,8114,5 
14,5113,3 
"15,2114,0 
20,0118,7 
20,0118,71 
07,2 106,0 
00,0  98,9! 
02,3101,2 
02,0 100,9 
01,7100,6 
02,2101,1 


39,9 
39,9 
40,2 
40,2 


8',0 170,7 


40  »  - 
42,6  + 
42,6 
53,6 
53,5 


58,5j  + 
61,2- 
61,4|  - 
64,11  + 
64,3) 


96.K 


9.5,7 


64,6, 
64,61 


8,0169,9 
5,3170,5 
5,6172,5 
7,0,175,1 
7,5174,3 

7,6175,1 
4,8175,1 
6,0174,1 
6,1176,2 
7\3 170,5 
8,0173,8 
8,0173,5 
8,0,173,2 
8,1173,9 
7,6 173,1 


6,8|172,2|  5,2167,0 
7.2171,2  5,2166,0 
7,9,167,8  5,3162,5 
5,4|  165,3 
5,4164,5 
6,2164,3 
8,9163,6 
8,9|166,2 
8,9165,4 
~5M)  166,1 
8,4 166,7 
8,4165,7 
7,7 168,5 
7,6162,9 
7,5166,3 


5  22  34 
4  26  18 
26  15 
25  8 


7,5166,0 
7,5  165,7 
7,5  166,4 
5,5  167,6 


6  50,  8  21  55  10  23  10 
7  10  34|  1  0  19!  3  1  34 
1  16|      2  31 
21  IS:     22  28 


28  50  4  0  5 

2  3  86  4  51 

20  49  22  4 

23  41'  24  56 


24  39  25  54 
710  55  912  10 

18  57     15  12 

29  4410  0  59 
8  8  51  10  6 
9  52  11  7 
1   7  56  3  911 

18  24  8  19  39 

7  19  4  9  20  19 

8  3  1710  4  32 

~24  44: 


23  29 

24  29 

25  30 
27  30 
10  8 


25  44 

26  45 
28  45 
11  23 
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Capella. 


1740,  Jan.  29 


Mea- 
sured 
Dim. 


Re- 
duced 
Dim 


Pre- 


Alwr- 
ration. 


98,3|  97,2 


:Junc  2106,0104,8 


70,0 


Cor- 
rected 
Dirt. 


7,9175,1 


71,8-  3,0173,6 


3107,5106,3  71,8  3,2174,9 
4102,8101,2  71,8  -  8,8169,71 


1741,  Jan.  26  90.7  89,7  75,3  +  7,9 172,9|-2,8 170,1 
1747,  Feb.  27|  41,0  40,5108,0;+  7,7156,21  +  8,9165,11 


Nuta- 
tion. 


M  i-:iri 

Dim. 


Arpunnit 

al 

Nitution. 


5,5 169,6 
4,6169,0 
4,6170,3. 
4,6165,1 1 


1  719 
0  42 

0  39 
0  36 
0  18  6 


Mucin's 
■KX-nd. 

Node. 


Argument 
of 

Aberration. 


,  Sun'i 
Longitude. 


8  21  85  8  19  1310  20  28 
14  58  0  22  17  2  23  82 
14  55  23  14  24  29 
14  52  24  11  25  26 
2  22;  8  16  5810  18  13 
438  918  3311  19  48 


Persei  south  of  41°  5',  to  July  11,  1734,  inclusive,  afterwards  north. 

+  13  ',82:>  annual  precession. 

1 1  ",43  maximum  of  aberration. 
10*  13s  35'=  12*—  right  ascension  of  the  star. 

0*  24s  12'  =  longitude  of  the  sun's  place  when  the  aberration  in  declination  is  0. 


Pers. 


1727,  Aug 
Oct. : :  13 
20 

Nov.  14 


22102,0jl00,9 

93.4  92,4 
91,7^  90,7 

87.5  86,5 


::  22 
Dec.  12 
:21 
29 


1728,  Jan.  16 
Feb.  2 

3 
:  4 


:  5 
16 
:21 
March  23 
April 


May  8 
June  17 


Mea- 
sured 
Dirt- 


Re- 
duced 
Disc 


Pre. 


5,6 

7,6 
7,9 
8,8 


86,01  85,1 1 

83,0|  82,1 
81, 
80, 

80,0|  79,1 1 
79,3  78,41 


3,0  82,1 
1,0  80,1 

>,3|  79,4| 


A  her. 
rati. in. 


8,0 


+  1,3101,3 
2,5101,1 
7,1|102,4 


f«». 

rected 
Diss. 


Nuta- 
tion. 


98,5 


8,3102,5| 
10,5102,5 


3,2  11,1101, 
),5|  11,8 


101  ,S 


79,7 


79,2j  78,3; 


80,5 
82,0 
81,2 
8(5,5 


78,8 


9,1 
9,9 
10,2 

lO^J 

11,2,  ll,2101,5i 

11.8  10,0100,21 

11.9  9,8100,5' 
11,9|  9,71100,0 


79,6 
81,1 
80,3 
85,6 


12,0 
12,4 
12,6 


9,6101,2 
8,1 101,6 
7,6,100,5 


13,7!+  2,1101,4 


July 


88,5  87,5 

91.0  90,0 
93,8!  92,8 

96.01  95,0 
96,51  95,5 
97,7i  96,6i 

95.5  94,5. 

95.6  94,6 


14.3  -  0,8101,01 
14,9  4,2 100,7 
15,5|  6,4101,9 
jn\0_10.9101,l| 

1T$  11410X6]" 

17,2  11,2102,6 

17.4  11,3100,6 
17,7  11,4100,9 


:19I 
20 
22! 

m.  27| 


95,5J  94,51 
93,0i  92,0| 
94,8  93,8 
93,0,  92,0 


18,2  11,2101,5 

18.2  11,1 1  99,1 

18.3  11,0101,1 
18,5  10,5100,0 


Man 

Dist. 


7,3 105,8 
7,5108,8 
7,6 108,7 
7,7110,1 
7,7110,2 
7,8110,3 
7,8109,2 
7,9109,2 

7,9 109,4 
8,0108,2; 
8,0108,5 
8,0108,0 


8,0 109,2 
8,1;109,7 
8,1 108,6 
8,2109,6 


8,2109,2 
8,3109,0 
8,3110,2 
8,5109,6 
8,5110,1 
8,5111,1 
8,5 109,1 
8,5109,4 

"8^51107)1 
8,6107,71' 
8,6109,7| 
8,6108,6 
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REDUCTION  OF  THE 


Aber-  t 
ration. 

 L 


Cor.  I 
m-trd  1 
Dirt.  < 


Nuta- 
tion. 


Mean 

Dirt. 


10,5  100,1 

10,3  98,5 
9,?!  99,3 


8,6108,7 
8,6107,1 


Argument 

of 
Nutation. 


8,6 


9,3:  97,+ 

8,4  97,1 

-  5,3]  99,5 

+  M  99,3 

4,9  99,2 
8,0, 101,1 
8,4100,1 
8,51101,2 
9,5100,8 
10,3100,2! 
10,5100,1] 
10,6100,1] 


8,7 

8,8 


11,1'  99,0) 
11,2101,6 
11,4  99,2 
11,2;  99,9| 


8,8 
8,8| 
8,8 
8,8 

8,9 
8,9- 
8,9 
8,9 
8,9 
8,9 
8,9 
8,9 


3 
10 

1730,  Jan.  31 
July  15 


Dec.  24 
1731,  Jan.  3 
18 

Dec.  86 
173a,  Jan.  8 
1734,  June  12 

July  11 
1738,  Dec.  23 


10,o;  99,2, 
6,8,100,7 
+  6,7l  100,6 
81,3]  31,0  -ll,l|l01,2| 

TTTi  looTs 

11,2100,8 
11,3102,0 
11,3100,8 

IM  101,01 
11,3100,8 
9,9]  98,1 
9^0;  100^0 
8,4,  97,6 
8,3:100,1 
9,1  101,4 
9,6101,2 

9, 


81.T,  80,8i  31,2 

83,0  82,1  31,2 

81,7]  80,8  31,3 

82,0|  81,1  81,3 

80,3  31,8 

75,2  82,8 

76,0]  33,0 


81,2 
76,0 
76,8 

73,0 
76,01 
56,0 

55,0  54,4^37,2; 
54,0f53T4  ST& 
52,7|  52,1 1  37,5 


72,21  33,2 
75,2  33,2; 


8,9 
8,9 
9,0 
9,0 
9,0 
9,0 
9,0 
9,0 
9,0 
9,0 
9,0 
9,0 

9,0 
9,0 
8,9 
8,9 


100,3  8,9 

10,4100,0  8,9 

51,5!  50,9]  39,5  +10,1 100,5  8,8 

68,5  67,8  45,8 -11,3 102,3!  8,4 


40,0  39,6  51,9 

39,0  38,6  52,3 

39,5  39,1  52,8 

28,()j  27,7  65,8' 

26,8  "26^5  66,3  +11,4  fol^  +~579 


+  Tl,2102,7j  7,9 

11,4102,3  7,8 

11,1 103,o!  7,8 

11,3104,8  6,0 


22,0 
21,0 
56,5 


21,8  99,9-10,5111,2-0,9 
20,8101,0-11,4110,*  1'a 
55,9.162,6+11,2,117,91  9,0 


07,9 


06,0 
05,7 
08,2 
08,1 
08,0 
09,9 
08,9 
lOfi 

0977, 

09,1] 
09,0 
09,0 

07,9 
10,5 
08,1 

08, 


9  17  3811 
17  22 


17  16 


17  10 
16  31 
15  24 


3  15 
2  56 
1  49 
18  2010  29  45 

"4 

3 


12  39 
11  38 
11  29 
11  26 


I 


08,1 
09,6 
09,6 
10,2 

09S 
09,8 
11,0 
09,8, 
10,0 

OAS 

07,1 

09,0 

06,0] 

09,1 1 

10,3 

10.1 

09,2 

08,9 

09,3 

10,7 


11  0 

10  3.3 
10  29 
10  28 

9  57 
9  51 
916 
8  41 


"743 
6  27 
6  24 
0  12 


0  9 
0  0 
829  53 
29  50 

29  47 
29  12 
27  49 
27  24 


10,6 
10,1 
10,8 
10,8 

w 

10,3 
09,2 
08,9 


27  8 
27  5 
21  50 
21  38 
2135 
21  12 
18  27 
9  48 


1  8 

036 
7  29  49 
11  42 


11  1 

5  24  6 
22  33 
2  26  27 


Mucin'* 
ft&oend. 
N.wLr. 


4  8 
3  47 

3  31 


29 
28 
27  54 
27  51 


16  34 
16  25 
16  18 
16  15 


ArKunient ;     „  . 

»un» 

AI»n™i«JLan*i,u',r- 


S.     .  , 

3  22  56 
27  45 


8.  . 

4  17  38) 
22  27 


4  2  83  2715 


7  21 
13  9 
5  334 


5  2  3] 
7  51 
28  16 


6  12  8  7  6  50 


25  10 
7  14  21 
1723 
18  24 


19  52 
8  9  3 

12  5 

13  6 


26  31 
8    , 39 
6  41 
8  42 


21  13] 
29  21 
9  1  23 
8  24 


0 

26  54 
26  48 

26  22  16  50     11  32 

26  16  18  52     13  34 

25  41  9  0  3     24  45 

385  6  11  1210  5  54-1 

24  8  29  23|  24  S 
22  5210  23  2411  18  61 

22  49  24  24]     19  6 

16  37  2  18  24|  3  13  6 

TO 

16  55 

18  48 

19  45 


16  12 
15  37 
1414 
13  49 


13  33 
13  30 
8  15 
_8__3 
8~T) 
7  37 
4  52 
9  26  8 


19  21 
22  13 
24  6 

26  0 
6  28 
1  21 
9  3 


20  42 

4  1  10 

26  3 

5  8  45 


13  53 

14  51 

7  23  13 

27  17 

28  181 

8  5  25! 


835 
9.83 
8  17  55 
21  59 


23 
9  0 


9  28  810  22  50 

3  8  461  4  3  28, 


17  33j 
17  1 

1614] 

8_28_7' 

27~26 


8  19  23,  9  14  5 
29  34     24  15 
914  4.510  9  27 
8  21  13  9  15  58 


7  10  31 
8  58 
4  12  52 


9  422 

2  7  44 

3  5  21 
8  18  11 


29  4 

8  2  26 
4  0  3 

9  12  53] 
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a  Per*. 

Me*. 
>ure<l 
Dirt. 

Re- 
duced 
Dirt. 

Pre- 

Abo-, 
reticm. 

Cor- 
rtHted 
Ih.u 

Nuta- 
tion. 

Mean 
Dirt. 

Argument  Moan** 
af  awend. 
NuurJan.  Node. 

Argument 
of 

Alternation. 

Sun'* 
Longitude. 

1738,  Dec  24 
1740,  Jan.  20 

22 

1747,  Feb.  27 

1 

57,3 
73,0 
72,3 
184,5 

56,7 
72,2 
71,5 
182,5 

+   j  + 

162,6,  11,2 

177.4  11,0 

177.5  10,8 
275,4!+  6,5 

117,1 
116,2 
116,8 
99,4 

■ 

9,0 
8,2 
-8,2 
+  8,5 

108,1 
108,0 
108,6 
108,0 

1 

1  8.    •    i  1 8.   •  > 
2  26  24  4  12  49 
5  39  3  22  4 
5  32     21  57 
9  18  13lll   4  38 

8*   s  < 

8  19  13 

9  16  36 
18  38 

10  25  1 

9  13  54 

10  11  18 
13  20 

11  19  43 

t  Persei  south  of  38°  20/,  to  Jan.  81, 1780,  inclusive,  and  afterwards  north. 

+ 15",625  annual  precession. 

I2",87  maximum  of  aberration. 
10*21°  4'  =  1 2'  —  right  ascension  of  the  star. 

0*  18*  35'  =  longitude  of  the  sun's  place  when  the  aberration  in  declination  is  0. 


t  Pers. 

Mm. 
vurad 
Dirt. 

Re- 
duced 
Dirt. 

Pit-  Abw- 
ceuiun.|  ratiua. 

Cur-  1 

TtCUA 

Din. 

Nuta- 

tilNl. 

Mean  1 

Dirt. 

Argunir-ut 
of 

Nutation. 

Muuu'i 
amend. 
Node. 

Argument 
of 

Aberration, 

Sunt 
longitude. 

1727,  Aug.  22 
Sept.:  11 
16 

Oct.  13 

66,0 
62,8 
60,8 
53,9 

H 

65,8 
62,1 
60,1 
53,3 

+ 

• 

6,8 
7,2 
7,4 
8,5 

• 

8,0 
4,2 
-  3,2 
+  2,8 

m 

63,6 
65,1 
64,3 
64,6 

+ 

6,6 
6,7 
6,7 
6,8 

70,2 
71,8 
71,0 
71,4 

ft   .  t 
10  13  0 
12  10 
11  54 
10  28 

5.     .  / 

11  21  56 
21  6 
20  50 
19  24 

a.  .  . 

4  21  26 

5  10  53 
15  47 

612  30 

S.     •  i 

5  10  1 
29  28 

6  4  22 

7  15 

20 

Nov.  14 

::  22 
Dec.  12 

53,6 
45,8 
44,0 
42,0 

53,0] 
45,3 
43,5 
41,5 

8,9 
9,9 
10,2 
11,1 

4,3  66,2 
9,0'  64,2 

10.2  63,9 

12.3  64,9 

6,9 
7,0 
7,1 
7,2 

73,1 
71 ,2 
71,0 
72,1 

10  6 
846 
8  21 
7  17 

19  2i     19  29 
17  42  714  36 
17  17i     22  42 
16  13  8  13  11 

8  4 

8  3  11 
11  17 

9  1  46 

21 

29 

1728,  Jan. :  3 
16 

41,4 
40,1 
41,6 
40,2 

41,0 
39,7 
41,2 
39,8 

11,5 
11,8 
12,1 
12,6 

12^>  65,1 
12,9j  64,4 
12,8  66,1 
12,2]  64,6 

7,2 

7 

7,3 
7,3 

72,6 
71,6 
73,4 
71,!) 
7<>,H 
71,9 
72,6, 
70,4 

649 
623 
6  7 
5  26 

15  451     22  10 
15  lffi  9  0  18 
15  3       5  22 
14  22j     18  33 

10  45 
18  53 
23  57 
10  7  8 

: :  20 
Feb.  2 
3 
:4 

39,2 
41,0 
42,0 
39,8 

38,8 
40,6 
41,5 
39,4 

12,8 
13,4 
13,4 
13,4 

11,9 
10,5 
10,3 
10,2 

63,5  7,3 
64,5.  7,4 
65,2  7,4 
68,0  7,4 

6  13 
4  32 
429 
4  26 

14  9 

13  28 
13  25 
13  22 

22  37 
10  5  45 
646 
7  46 

11  12 

24  20 

25  21 

26  21 

:  5 

inane.    July  29 
m.       Aug.  3 

:7 

42.4  42,0 
:  55,7i  55,1 
:52,0  51,4 

54.5  53,9 

18,5  +10,0  65,5  7,4 
20,9  -11,4  64,6  8,1 
21,1     10,8  61,7  8,2 
21,3!    10.31  64,9  8,2 

72,9 
72,7 
694) 
73,1 

422 
925  6 
24  50 
24  38 

13  18 
4  2 
3  46 
3  34 

8  46 
329  2 
4  3  51 

7  41 

27  21 
417  37 
22  26 
26  16 

:8 
13 

in.            :  19 
m.    Sept. : :  9 

54,5 
52,7 
52,0 
46,5 

53,9 
52,1 
51,4 
46,0 

21,4|    10,2  65,1,  8,2 
21,6      9,5  64,2i  8,2 
21,8     8,6  64,6  8,2 
22,7i-  4,7  64,0  8,3 

73,3 
72,4 
72,8 
72,3 

24  35 
24  19 
24  0 
22  53 

3  31 
3  15 
256 
1  49 

8  38 
13  27 
1915 
5  940 

27  13 
5  2  2 

7  50 

28  15 

(Jet.  18 
81 

Nov.  19 
22 

35,0,  84,61  24,4  +  4,0  63,0 
32,5  32,1  \  24,9      6,7i  63,7 
28,0  27,7)  25,8      9,9  63,4 
27,5  27.2|  25,91    10,*  63,5 

8,4 
8,4 

8,5 
8,5 

71,4 
72,1 
71,9 
1  72,0 

20  46:10  29  421  6  18  14,  7  6  49 
1     20  8l     29  4j  7  1  161     19  51 
19  71    28  «     20  26;  8  9  1 
18  581     27  541     23  29|     12  4 
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REDUCTION  OF  THE 


duced 
Diu. 


Argument 
of 

Nutation. 


MW. 

BPH'Plxl. 

Nude. 


t  Pers. 


Pre-  Abcr- 
otMion.  ration. 


22,3 
22,5|  22,3 
23,5 


27,2,  25,9 
26,2,  26,2 
23,2  26,7 
22,3j  27,1 
21,4  27,7 


28,1 
28,6 


37,3 
37, 


Nov.  28 
Dec.  2 

:  3 

 10 

1730,  Jan.  31 
Dec.  24 

1731,  Jan.  3 

18 


35,1 
35,6 
34,01  33,6,  37,5 
36,0  35,6  37,5 
10,0  10,0,  41,8 


9,2  41,9 
8,7  41,9 
9,0  42,3 


Cor- 
rwted 
Oiiu 


10,5 
11,4' 
12,3 
12,8 


Nula- 
tiim. 


Mean 

Din. 


63,6]  8,5 

63,8-  8,5 

62,2  8,6 

62,2|  8,6 


72,1 
72,3 
70,8 
70,8 


12,8 
12,2| 
11,3 


28,9+10,5 


8,6 
8,6 
8,7| 
8,7 


-  9,2! 
8,6' 
8,4| 

-  8,3; 


61,9 

62,6 
62,2 

63,2'  9,0 
64,5,  9,0 
9,0 

9,0; 


70,5 
71,2 
70,9 
71,6 


62,7 
64,8 


+  11,1 
11,5 
11,6 

12,2 


9,2 
8,7 
9,0 

8,0  +8,0|  44,51  10,6 

7,0  -7,0  58,5  12,8 

8,2'    8,2,1  59,0  12,8 

8,2    8,2|  59,6)  12,l' 


62,9 
62,6 
62,2 


72,2 

73,5' 
71,71 
73,8, 


9,0 
9,0 
9,0 


63,5 I  9,0 
63,1  9,0 


64,3 


8,4 


63,6  8,4 
63,5[  8,3 
64,8i  6,8 
65,4  6,7 
66,1 1  6,7 
68,0  +4,3 


Dec.  26  22,5i  22,3|  74,2i  12,9 

1732,  Jan.   8  22,3  22.01  74,7  12,7 

9  21,5  21,3  74,8  12,6 

1733,  Jan.  21   35,0  34,6  90.91  11,7 
1738,  Dec.  22  1 19,7 118,4 183,3-  12,7  77,6  -9,0 

23  118,5  117,2 183,3'  12,8  78,9  9,0 

24118,0116,7183,4  12,9  79,6  9,0 

 28117,2115,9183,61  12,9  80,6  9,0 

1740,  Jan.  22134,0.132,5.200,21  11,7  79,4  8,6  70,8 

■    -■  — ■  -  ,      ■         ■  »■  — ■ — — ^— —  . 


71,9 
71,6 
71,2 

72,1 
72,7 
72,0 
71,8 

71,6 
72,1 
72,8 
72,3 
"68,(i 

69,9 
70,6 
71,6 


Action. 


8.  .  <  a 
9  18  55 10 

18  29 

17  58 

17  26 


Aiyuiiirnt 
of 


16  45 
16  10 
U  35 
15  12 


27  51  7  24  30 
27  25  8  2  37 
26  54     12  47 

26  22|     22  57 
6 


s.  .  / 

8  13  5 
21  12 

9  1 
11 


453 
4  40 
4  37 
4  34 


8  29  19 
29  7 
29  4 
28  41 


25  411  9  6  8  24  43! 
25  6  171810  5  53j 
24  31  28  25)  17  0 
24  810  5  3ll     24  6 

3  44 

7  36! 

8  34! 

9  32 


13  49! 
13  361 
13  33i 
13  30 


4  15  9 
19  1 

19  59 

20  57! 


7  29  20,  8  17  55" 

8  3  22     21  57 
4  23     22  58 

11  301  9  0  5 


25  56 
8  37 
8  8 
717 

7  19  11 
18  30 
18  27 

6  28  25 


8  15 
8  3 
8  0 

7  37| 

4  52  10   4  15 10  22  50 
9  17  33  8  25  29;  9  14  4 
17  4  9  5  371     24  12 
16 131     20  5010  9  25 


8  28  7 
27  26 

27  as! 

7  2l| 


8  26  17i  9  15  52 

9  10  SH     29  3| 
11  2910  0 
24  24;  12 


3 


3  59 
3  56 
3  53 
3  40 


2  13  1 


4  12  55,  8  23  31,  9  12  6' 

12  52  24  321     13  T\ 

12  49  25  33,     14  8 

12  36|  29  37)     18  12 

3  21  57(  9  24  4310  13  18 


35  Camelopard.  south  of  38°  25'. 

+  1",4/G  annual  precession. 

9", -14  maximum  of  aberration. 
9'  4'  5  =  1 2'-  right  attention  of  the  star. 

2-  23B  12  =longitude  of  the  tun'-  place  when  the  aberration  in  declination  is  0. 


35  Camelop. 

Me*, 
nurnl 
Dint. 

Re- 
duced 
tfin. 

Pre- 
onion. 

Alwr- 
retion. 

Cor- 
n>rted 
Dirt. 

Nuu- 
tion. 

Mean 
Di»t. 

Arffiunent 
of 

Nuuui.in. 

Moon', 
awrod. 

Node. 

Argument 

of 

Sun'i 
Longitude. 

m.  1727,  Sept.  14 
n.               ::  23 
::  27 
Oct.  13 

76,3 
75,3 
77,4 
74,3 

75,5 

74,5 
76,6 
73,5 

+ 

0,7 
0,8 
0,8 

o,f* 

9,3 
9,0 
8,7 
7,4 

66,9 
66,3 
68,7 
66,9 

+ 

9,0 
8,9 
8,9 
8,9 

75,0 
75,2| 
77,6 
75,8 

&  •  1 

825  1 
24  33 
24  20 
23  29 

a.  0  / 
11  20  56 
20  28 
20  15 
19  24 

8.    0  < 

3  920 
18  11 
22  7 

4  8  1 

S.     ©  # 

6  2  32 
11  23 
15  19 

7  113 
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35  Camclop. 


1727,  Oct. 
Nov. 
Dec 


Mm- 
•urwl 
Dirt. 


duocd 
Dim. 


i  Pn>- 
rmaiim 


20  74,4 
22  69,8 
12!  67,2 

21  65,1 


1728.  Jan. 


12  61,5 
16  j  60,5 
24  58,0 
271  58,7 


TcbT 


March 


2 
8 
i 

_5 

Ts 
SI 

1 

Q 


Sept. 
Oct. 


Dec. 
1729,  Feb". 


13 
18 
26 
1 

24 
25 
26 
28 


Sept.  : 


19 
20 


59,3 
58,7 
57,0 
59,8 
57,2 
57,2 
58,4 
58,5 

75,8 
76,0 
76,0 
74,5 
6.3,0, 
56,5 
57,0 
56,8 


73,6; 
69,0 
66,5 
64,4 
60,8 
59,8; 
57,4| 
58,1 


Aber. 
ration. 


0,8 
1,0- 
1,1 
1,1 


58,7 
58,1 
56,4 
59,2 


1,2 
1,2 
1,8 
1,3 
T,3 
1,3 
1,3 
1,3 


56,6 
56,6 
57,8 
57,9 
75,0 
75,2 
75,2 
73,7 


1,+ 

M 

1,4 
1,4 


6,7 
1,9 
1,4 

2,9 

6,1 
6,6 
7,5 
7,8 


Cor- 
Din. 


67,7 
68,1 
69,0 
68,4 


Nuttt-  |  Mnn 
tion.  IiiaC 


68,1 
67,6 
66,1 
67,2 


8 

8,4 
8,4 
8,5 


8,9 
8,9 
8,9 

8,8 
8,8j 
8,8 
8,8 


76,6 
77,0 
77,9 
77,3 


AlgUBMM 
of 

Nutatinn. 


USSR 

"Willi. 

Node. 


&   •     /  & 

8  23  7|11 
21  22 
20  19 
19  50 


|  Sun'. 
Action.  iLoB«ilu*- 


77,5 

76,0 
24!  75,3 
29  76,0 


Oct. 
Dec. 

1730,  March 

1731,  Feb. 


3 
6 


1733,  Jan. 

1738,  Dec. 

1739,  Jan. 
Feb.  : : 


8  74,5 
10  66,2 
58,4 
59,7 
31  64,8 
SO  62,5 
14  60,2 
2  58,0 


1740,  Jan. 
1747,  Feb. 


4,  57,5 
6  57,2 
20  56,6 
27  32,7| 


62,3 
55,9 
56,4 
56,2 


9,2 
9,3 
9,4 
+  9,4 

2,21-  9,4, 

2.2  9,2| 

2.3  8,7: 
2,3-  8,4 
2,6+  3,5, 
2,9 
2,9 
2,9  + 


67,8 
66,1 
69,0 

67,2 
67,3 
68,6 
68,7 
67,8 
68,2 
68,8 
67,6 


8,8 
8,8 
8,8 


76,9 
76,4 
74,9 
76,0 


77,1 
76,6 
74,9 


8,8j  77,8 
8,8  76,6 


8,8 
8,7 


76,1 

77,3 


8,7  77,4 


18  40 
18  27 
18  2 
17  52 


17  33 
17  30 
17  27 
17  24 

16  42 
16  33 
16  4 
16  1 


19  2 
17  17, 
16  14 
15  45' 


4  15  0 

5  18  14 

6  8  31 
17  41, 


7  8  12 

8  11  26 

9  1  1:5 

10  53' 


14  35 
14  22 
13  57 
13  47 
13  28 
13  25 
13  22 
13  19 


10  1  10  8  13 
14  4  716 
22  9  15  21 
2.5  1V     18  23 


8 


114 

2  15 

3  15 

4  15 


12  37 
12  28 
11  59 
11  56 


24  26 

25  27 

26  27 

27  27 
17  1711  10  291 
20  17  13! 
29  14     22  ! 

9  0  13     23  25, 


8,21  76,0 

8,2  76,4 

8,2  77,0 

8,1  75,7, 


76,7 
75,2! 
74,5 
75,2 

73,7 
65,5 
57,8 
59,1 


64,11 
61,8 

59,51 
57,  ^ 

56,9 
56,6 
56,0 
32,3 


8,7 
3,7 
3, 
3,8 

3,8 
4,1 
4,4 
5,8 

8,7 
17,2 
17,2 
17,3 


9,4 
9,4 
9,4 


68,4 
68,2 
68,7 

68,5! 


7,8 
7,5 
7,5 
7,5 


-  9,2, 
9,1 1 
9,0 

__8,6 

-  75 
+  1,2 

9,4; 
_8!5I 

8^ 
4,3 
6,4 
8,3 


76,2! 
75,7;' 
76,2; 


5  41 

5  26 
5  0 
4  44 
0  17,10 
7  26  57i 
26  5* 


1  36 
1  21 

0  55 

0  39! 

26  12 
22  52 
22  49 


9  S  6  2  18 
14  1  7  IS 
21  53  15  5 
26  50     20  2 


6  21  30  9  14  42 
8  25   1 11  18  13 
26   1!     19  13 


17,3,  8,5 

17,3j  8,5 

18,61  7,1 

28,5|+  9,4j 


71,2    6,5  77, 1 

69,8    6,5  76,3 

69,2    6,5  75,7 

70,4    6,4  76,4 

69,7i    6,4  76,1| 

70,8    6,1  76,9 

71,6(    5,5  77,1 

73,4  +  3,0  76,4 

81,0-2,9  78,1 

83,3:    6,5  76,8 

83.1  6,4  76,7 
&3,0    6,3  76,7 

82,7    6,3  76,4 

82,4    6,3  76,1 

81,7  -8,9  77,8 

70.2  +  8,4,  78,6 


16  3 
15  59 
15  47 
15  31 

11  58  3  14  45,  6  7  57| 
11  54     15  44       8  56 
1142;     19  4l!     12  53 
11  26     24  37     17  49 

14  59     10  54 
11  42       7  37 
7 19      8 14 
6  19  22  9  15  17 

4  3  32     26  44 
6  7  1  9  013 
9  0  4411  23  56 
8  4  3210  27  44 

5  10  55 
1  16  86 
15  48 
14  47 

8  6  50       0  0     23  12 
4  12  31  6  27  8  9  20  20 
11  43  7  12  2310  5  35| 
10  42  8  1  34     24  46, 

1     14  41      10  36       3  35     26  47 

o 

0  26  8  3  22  3  7  18  4  11  I61 
8  8  4311    4  38  8  26  3811  19  50| 


u  u 
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REDUCTION  OF  THE 


7  Ursa;  Majoris  south  of  34s  45'. 


— 1!)",98  annual  precession. 

1 6",67  maximum  of  aberration. 
6'  5»   1'=  12'— right  ascension  of  the  star. 

6*  1 1°  1 1'  =  longitude  of  sun's  place  when  the  aberration  in  declination  is  0. 


y  Urs.  Moj. 


'In-  1U'- 

iii  l  ml  durrd 
lK»t.  IHrt. 


Pro-  Aber- 
iHsnion.  ration. 


1727,  Sent.  15 
22 
24 

Oct.  16 


:22 

mane.  27 
m.       Nov.  1 
m.      Dec.  6; 


48,7 
50,0 
51,7 

58,3 


00,0 
61,5 
68,7 


48,2 
49,5 
51,1 
57,7 


Cor- 
rected 


Nula. 

lion. 


9,4  2,4 
9,8  0,5 
9,9+  0,1 
11,0-  6,3 


41,2 

41,3 
40,4 


Mran 
Di.U 


59,8 
60,8 
67,9 
7T,7| 


13 

m.  14 
m.  29 
m.  1728,  Jan.  7 


72,0 
73,0 
75,0 
74,7 


71,2 
72,2 
74,2 
73,9 


11.4  7,9i 
11,6  8,9 
12.81  13,4 
13,8[  16,0j 

14,2  16,5 

15,1  16,5| 

15.5  16,0! 


40,5, 
40,31 
41,7 
41,9 


40,5 
41,5 
42,6 
42,4 


n. 


:  16 
:  :  27 
Feb.  17 
March  17 


76,0 
73,0 
70,6 
62,7 


April 


22 
24 
2 
16 


::  17 
26 

May  7 
June  5 


59,2 
59,3 
56,6 
55,6 
"56,0 
52,5 
54,2 
51,0 


■  » 
15, 
:  22 
:2+ 


49,5 
51,7 
50,3 
51,0 


72,2; 
69,8 
62,0 
58,6 
58,7; 
56,0! 
55,0 
"55^4 
51,9 
53,6 
50,4 


16,1  14,9 
16,6 
17,8 
19,4 


13,2 
8,7 
-  0,8 


49,0 
51,1 
49,8 
50,4 


July  : :  3 
Aug.  24 
Sept.     1 1 
13 


52,0i 
65,0 
69,0, 

71  ,o; 


51,4 
64,3 
68,2 


19,6 
19,7 
20,3 
21,1 
21,1 
21,6 
22,2 
23,8 


+  0,7 
1,3 
3,7 
7,4 


7,7 
9,8 
12,1 
16,0 


24,0  16,2 
24,4'  16,5 


24,7 


24,9  16,6 


16,7 


44,2 
42,4 
43,3 
41,8 

39,7' 
40,3 
39,4 
41,3 

42,0 
40,1 
43,5 
42,6 


0,6 
0,7 
0,7 
»),«) 

0,9 
1,0 
1,2 

1,4 
1,4 
1,5 

1,7 
1,8 

1,9 

2,2 


-\  ryiirra-nt 
of 

Nutation. 


40,6 
39,5 
40,6 

39,5 

39,6 
39,3 
40,5 
J0JJ 

39,1 
40,1 
41,1 
40,8 

42,5 
40,6 
41,4 
39,6 


25,3  16,3 
28,2  8,1 
29,2  3,3 
29,3  2^8) 

29,7  0,8 

29,7  +  0,5 

30,8|-  5,2 

31,4|  8,l| 


41,2 
43,2 
41,8 
42,1 


42,4 
44,2 
42,3 
43,7 
42,8 
43,0 
43,1 
41,6 


1  }  i  t 

2  2 

M 

'2,4 
2,5 
»,5 

J,8 

2,8 
2,9 
2,9 
2,9 


37,o 
38,1 
37,1 
38,9 
39,6 
37,6 
41,0 
39,8 


38,4 
40,3 
38,9 
39,2 


3,0 
3,4 
3,5 

3,6| 

3,61 
3,6| 
3; 

3,1 


39,4 
40,8 
38,8 
40,1 

39,2 
39,4 
39,3, 
37,7i 


54  11 


8.  . 

525 
25  82 
25  16 
24  15 


23  56 
23  40 
22  34 
21  33 


21  11 
21  8 

20  20 
19  52 


1!)  23 
18  48 
17  41 
16  9 


15  53 
15  45 
15  15 
14  34 


14  31 
14  2 
13  27 
11  55 


11  45 
11  23 
11  1 
10  55 


10  26 
7  41 
6  44 
6  37 


7  10  26 
15  27 

8  6  37 
25  53 


16  10,  21  50  9  3  1 
16  7  22  51  4  2 
15  19  3  8  4  19  15 
14  51      17  13     28  24 


7  31 
18  38 
9  44 

11   81  5  27  18  0  8  29 


14  22     26  2010 
13  47  4  7  2 
12  40|     28  3311 


10  52 
10  44 
10  14 

933 


9  30 
9  1 
826 
6  54 


6  2  12! 
4  10 
12  57 


18fc> 
15  21 
24  8 
26  34  1   7  45 


27  32 

7  611 
16  45 

8  14  25 


6  44 
622 
6  0 
5  54 

T25 
2  4011 
1  43 
1  36 


8  43 
17  22 
27  56 


6  1/ 
6  12 
5  8 


1  14 
1  11 

0  7 
4  33102932 


17  16 

23  55 
9  0  3.' 
2  29 

11  3, 
0  52 
19  24 
21  22 

28  14 

29  13 

0  19  2 

1  0  0 


jJ6 
27 


28  27 
5  6 
11  46 
13  40 


22  14 

12  3 
035 
2  33 


925 

10  24 
7  0  13 

11  11 
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y  Urs.  Maj. 


1728,  Nov.  23 
24 

m.  Dec.  7 

m.  16 


1729,  Jan. 
March  9 
April  16 
May  11 
  13 


1730,  June 
1782,  Sept. ! 
1735,  Sept. 
1739,  April 


Pre- 

CHUlUjtL. 


91J 

92,0!  91,0 
93,0|  92,0! 
95,0  94,0 
96,0  95,0 
85,3  84,4 
78,3  77,5 
73,0 


Aber- 
ralintl. 


72,8 


72,7 


83,2  «14,6 

8.3,2  14,7 

34,0  16,1 

34,5  16,6 


33 


16,2 


39,0  -  3,1 


48,7 
43,1 
41,9 
42,9 


12,6 
4:;.--. 

43,7 
43,8 


73,0  72,2 
73,3  72,5 
74,5  73,7 
30  74,7  73,9 
21  95,5  94,5l  64,7 
3 153,5 151, 8' 108,6 
13  210,0  207,7169,1 
19271,0268,0241,0 


1740,  June       2  286,5 


:  24268,5  265,6241,3 
:26|267,0|264,l[241,4 


283,4263,4 


3287,5  284,4  26.3,4 


6  287,2 
29318,0 
31  320,2 
6340, 
1746,  Sept. : :  20  435,8 


1741,  Aug. 

1742,  Sept. 


181,1389,8 
:  23  436,7  432,0,389,4 
1747,  Feb.     27  452,7  447,8(398,1 


Nuta- 
tion. 


Mean 
Dirt. 


38,9 
37,4 
38,7 
37,3 


of 

N  LtJtMII. 


2  5210  27  51 


038 
4  2715 
25  14 

23  55 


284,1  268,6 
314,5[288,2 
316,7|288,3 
337,0^308,6 


4,8 


36,6 
33,2 
34,8 
33,2 


42,8 
42,6 
48,7 


37,5 
38,3 
39,5 
39,5 
39,0 
39,2 
40,0 
39,6 


38,9 
39,8 
38,3 
*1,7 
40,2 
38,9 
44,3 
4,5,3 


23  45 
22  55 
22  39 
22  33 


2  25 
2  19  47 
0  21  16 
10  11  41 


11  26! 
11  19 
919  59 
1956 


19  49 
826  0 
25  53 
6  14 


25  37 
22  14 
20  13 
18  54 


3  14  56 

5  19  2 

6  26  19 

7  20  21 


18  44  22  15 
17  54  8  8  29 
17  38  13  14 
17  32     15  9 


17  29 
1719 
16  37 
16  15 


9  27  24 


8  29  10 
8  14  4611  10  38 


14  48 
2  20  5911 
20  52 
1  13 


40,7 
40,6,1 


5  18  811  13 
17  58 
9  391 


16  6 
18  57 
9  1  18 


a.  • 

813  28 
14  29 
26  89 

9  649 


26  7 

0  0  13 

1  730 

2  1  32 


8  26 
19  40 

24  25 
26  20 


20  40  6 


10  21 
5  21  49 


6  40|  6  28  48 
7  3  88 
433 
811  40 
12  37 


1 


14  49 
16  44 

2  22  51 

23  48 

26  39 
5  16  46 
18  33 

24  20 


27  52  6  9 
12  57  0  0  49  12 
438  5  8  5411  20  5 


t  Ursa:  Majoris  south  of  32°  30'. 

—  I  !>'  ,T  I  -  annual  precession. 

I8",03  maximum  of  aberration. 
5'  19°  22  =  12'-  right  ascension  of  the  «ar. 

6'  23"  19  =  longitude  of  suns  place  when  the  aberration  in  declination  U  0. 


i  Urs.  Maj. 

Mow 
mred 
Pi*. 

Re- 
duced 
I>i»t. 

Pre- 
onainn. 

Ahrr- 

Cor- 
rrrted 
Dirt. 

Nuta-  .Mean 
lion.  Dirt. 

Argument 

Mcxin'i 
*N.«le." 

Argument 
of 

w» 

1727,  Sept.  15 
24 
Oct.  16 
17 

95,0 
99,8 
105,2 
106,8 

94,0 
98,7 
104,1 
105,6 

9,3 
9,8 
11,0 
11,0 

+ 

6,3 
+  3,6 
-  3,2 

3,4 

91,0 

92,5 
89,9 
91,2 

7|. 

3.0  88,0 

3.1  89,4 
3,3  86,6 
3,3,  87,9 

8.  o     ,  ft,    a  / 
5  10  1511  20  58 
9  461     20  24 
8  86!     19  14 
8  33|  1911 

8.    a  4  1  a.    •  * 
11   9  30  6  2  49 

18  21  1140 
0  11  ll!  7  4  30 

12  10]      5  29 

u  u  2 
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REDUCTION  OF  THE 


i  Urs.  Maj. 


Mr»-  i  He- 
tured  Jiutni 
Dut  Din. 


Pre- 
flwon 


1727,  Oct.  :  20108,0106,8 
:  22 107,3 106,1 
27109,5108,3 
Nov.  13116,8|115,5 
14,1 15,0  1 1 3,7 
15|ll5,0 113,7 
17:116,7115,4 
Dec.::  6.126,0124,6 


13122,5121,2 


Cor- 
rectal 
Dirt. 


11,2 
11,8 

11,6 
12,5 


4,4 
.5.0 
6,5 
11,2 


91,2 
89,8 
90,2 
91,8 


m. 


1728,  Jan 


12,5 
12,6 
12,7 
UJ,7 
14,1 
14,2 
15.0 
IBM 


n.  24il27,0il25,6 
25 126,5125,1 
Feb.  17  124,8123,4 
March  21114,5113,8 


11,4 
11,6 
12,0 
_L5.9 
16,8 
16,9 
17,9 
17,9 


April  ()110,0ll08,8i 
:  71111,7110,5 
16108,3107,1 
::  17111,8110,6' 


89,8 
89,5 
90,7 
94,0 

90,3 
91,9 
93,7 
93,2 


Nut*. 

lion. 


Mean 
Dint. 


:  18; 107,8 106,6, 
:  24 107,8 106,6| 
May:  5105,2104,1 
11  [105,0  103,91 
"5101,0 


22  99,0  97,9 
24100,5|  99,4 
Ld.C.  2.V101.0  99,9. 

July   5ll01,5 100,4] 


6102,5101,4 
Aug. :  2107,0105,81 
5108,0106,8 
241 10,7 109,5' 


Sept.  6115,0113,7) 
::  11  115,5114,2 
18117,0115,7 
Oct.  912.5,8124,4 


3,3 
3,3 
3,4 
_3,5 
3,5 
3,5 
8,5 
•'5,7 

3,7 
3,7 
3,8 
3,9 
4,0 
4,0 
4,2 

_*!£ 
4,(i 
4,6! 
4,6 

A7 
4,7, 
4,7i 
4,8 

5,0 
5,0 
5,0 
•5,1 
•5,1 
5,1 
.5.1 
5,2 
5,2 
5,4 
5> 
5,5 
'5,6 
5,6 
5,7 
5.S 


87,9 
86,5 
86,8 
88,3 


86,3 
86,0 
87,2 
90,3 

86,8 

88.21 
89,9| 
89,3! 

88,2 
88,2 
89,1 
86,0 

8.5,5 
87,4 
86,2 
89, 


Argument 
of 

Nutation. 

31  ami '* 

ftJHX'tul. 

Node. 

Argument 
of 

Aberration. 

sUir» 

Longitude. 

S.    .  , 

5  8  24 
8  18 

ft  1 
O  1 

7  7 

S.    .  / 

11  19  2 
18  56 

1  M  't(l 

17  4.5 

8.  .  / 

0  15  10 
17  11 

*J.)    1  1 

.--  -    1  1 

1  9  19 

7  829 
10  30 
i  1  <tii 

8  2  38 

7  4 
7  1 

6  55 
5  54 

17  42 
17  39 
17  33 
16  32 

10  19 

11  19 

12  21 

2  2  37 

3  38 

4  38! 
6  40 

25  56 

5  32 
529 
4  41 
4  13 

16  10 
16  7 
15  19 
14  .51 

9  44 
10  45 

2.5  59 
3  5  8 

9  3  3 
4  4 
19  18 

28  27! 

m. 


11  126,5  12.5,1 
29132,7131,2 
Nov.  17139,0137,5 
:  23  142,0  1  40,  5 


24140,5  139,0 
Dec.::  7143,5141,9 
1114.5,3  143,7 
16j  145,5 143,9 


32.8  13,9 
33,5  16,1 
33,7  16,6 

33.9  17,2 


17  101  27  48 

16  28  27  6 

16  16  26  54 

16  0  26  38 


2112  14  31 

2   4  24  27  43 

8  28  9   1  47 

13  33  6  52 
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WANSTED  OBSERVATIONS. 


t  Urs.  Maj. 


Mm- 
mrwl 
Dirt. 


diiml 


Pre- 


m. 


1729,  Jan.  10148,01+6,+,  35.7 

20149,0147,4  35,9 

21 147,5  l+5,9i  35,9 

 _22 148,0 146,4]  36,0 

""25  149,5 147,9  36.1 

27 148,5  146,9  36.2; 
March::  9140.7139,2 


April  4134,5133, 


,0 


Aber. 
ration. 

Cor- 
rwlrtl 
D»t. 

NuU- 

llUCL. 

Mom 

Arguitwul 
Nutation. 

Mouu't 
aamtd. 

Nod*. 

AiKuiuent 
Aberration. 

I  State 

* 

17,5 
17,2 
17,0 
16,9 

IV 

93,2 
94,3 
93,0 
93,5 

6,4 
6,4 

6,5 
6,5 

■ 

86,8 
87,9 
86,5 
87,0 

8.    .  / 

4  14  21 
14  9 
14  6 
14  8 

a  .  , 

10  24  59 
24  47 
24  44 
24  +0 

BL    •  / 
3  15  2 

19  5 

20  5 

21  5 

10  8  21 

12  24 

13  24 

14  24 

,    16,5,  95,3,  6,5 
16,3  94,4  6,5 
-  7,0  93,8  6,7 
+  0,8  94,0  6,9 

88,8 
87,9 
87,1 
87,1 

[     13  53 
13  47 
11  36 
10  13 

24  31 
24  25 
22  14 
20  51 

24  6 
26  7 

5  7  5 

6  235 

17  25 
19  26 
0  0  24 
25  54 

5135,0133,5, 
:  16131,8130,4! 
Mav  11 124,5123,1 
'  30123,2121,9 


39,9 
40,5 
41,8! 
42,9] 

750^.123,2121,9]  43,1 
7123,7122,3|  43,3 
18121,8120,5!  43,9 
:  2.3  122,0 120,7|  44,2 
44,4 


:  2812.3,5122,2 
30121,5  120,2 
July  4121,3120,0 
5122,0120,7 


45,5 

21  125,0 123,6  45,7 
Aug.  :  21 130,0 128,6  47,4  + 12,5 
Oct.  13147,01+5,4]  50,2'-  2,4 


44,5 
44,7 
44,8 


94,7 
95,2 
93,7 
92,8 


14147,8146,2,50,2,  2,7 
24152,0150,3,  50,8  -  5,8 
1730,  June  :  17143,0141,4  63,5  +17,2 
July  24  1  47,0  1  45,4  65,6    1  7,0 


1731,  Jan. 
Aug 


Aug. :  18 152,0 150,3  66,9  13,3 

23152,0150,31  67,1]  12,2 

26154,5152,8  67,3  +11,5 

Dec.  28  189,0 186,9  74,0  -17,9 

:  3  1897)  186,9  74,3  -18^0 

.   4 167,5  165,7  85,8  + 15,8 
:  20  172.0 170,1 
>ept.  :  10177,0175,1 


93,3 
93,7 
95,1 
96,8 

96,7 
95,4 
97,0 
95,0 


12,9 


13177,0175,1 
15178,5176,6 

Oct.   1185,0183,0  88,9  +  1,5 

1732,  Jan.   1  209,0206,7  93,9-18,0 


86,7 
•S7,<) 

88.0  6,9 

88.1  6,3] 


in. 

q- 


9208,4  206.1  94,4;  17,8 
m.  11  206,3  204,0  94,5  -17,7 

Sept.   3196,0193,9107,2  +  9,4 

4 1 97,0j  1 94,8 1 07,2   9,2] 

6195,0192,9107,3  8,7 
1734,  June  11219,5  217,1 142,1  16,7 
12  220,5  218,1  142,1  16,8 
:  16220,5218,1 142,4  17,2j 


91,6 

95,7! 
96,3' 
94,9 
94,0, 
94,8] 
95,6: 
94,8' 


6,9 

6,9] 

7,1 

1M 

7,2|' 

7,2 

7,3 

7,3 

7,3 
7,3 
7,3 
Vi 
7,4 
7,4 

t,<; 

7,7 
7,7 
8,6 
8,7 
8,7 
8,8 
8,8. 
J*,9| 
9,0 
9,0 
8,9 
8,9 

8,9] 
8,9 
8,91 
8,8 


87,8 
87,5 
85,4 
86^8 
87,4 
88,0 
86,6 
8(5,9 


10  10 

9  3.  3 
8  161 
7  16| 

7  0] 
6  50 
6  lo| 
5  59 


20 +S  3  33 

20  13  14  13 

18  54'  7  8  16 

17  5+  26  24 


26  52' 

1  7  32 

2  1  35 
19  43 


17  38 
17  28 
16  53 
16  871 


8 


1  9 
4  1 
14  27 
19  13 


88,4 
86,3; 
86,0 
86,6 


87,3 
87,8 
86,1 
85,1 


5  47 
5  37| 
5  24 
5  2ll 


16  25 
16  15, 
16  2] 
15  59 


23  58 
25  52 
29  41 
9  0  37 


93,9 
91,8 
96,1 
96,8 
94,3 
91,7 
92,8 
92,9 


8,8( 
8,8 


85,6 
86,0 
86,5 
88,1 
88,0 
86,6 
88,2 

86,1 

85,6 
86,7 
87,4 
86,0 

85,1 
85,9 
86,7 
86,0 


4  40!  15  181  13  lj 
4  30  15  8  15  52 
2  52,  13  3010  15  39 
1  391  12  17  0  8  42 
12  14  9  42 
11  42  19  41 
9  27  37  8  13  17 
2.5  39  9  18  30 
24  20  10  12  33 
24  4j  17  2ll 
23  54  20  16 
17  10  2  25  15 


2+  28 
27  20 

3  746 
12  32 

17  17 
19  11 

23  0 
23  .56 

4  6  20 
9  11 

5  858 
7  2  1 


1  36 
1  6 
3  16  59 
15  1 
13  42 
13  26 
13  16 
6  32 


3 
13 

3  636 

4  11 J9 

5  5  52 
10  40 
13  35 

9  18  34 


6  23 
2  25  6 
24  16 
23  9 

22  59 
22  53 


85,1 
83,0 
8,1]  88,0 
8,1  88,7 

8,1 
4,5 
4,5 
4,5j 


86,2  4  1 

87,2  0  29  56 

88,3,  29  53 

88,4/  29  40 


17  1  3  1  21  24  40 
5  44  9  28  48  4  22  7 
4  5410  14  13  5  7  32 
3J711    4  38  2; 

3  37  7  34  TT0  53j 
3  31  9  32  851 
22  2  2  40  26  17  19  36, 
17  10  8  27  48  2  29  4  9  22  23 
16  41  27  22  3  7  11  10  0  30 
16  38  27  16  9  13  2  32] 
4  8  14  4610  28  32  5  21  .51 
4  5  14  +3  29  31  22  50| 
14  3711  1  28  24  47 
7  10  34  8  7  36  3  0, 
8  33  1 


10  31] 

10  181     12  22 
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REDUCTION  OF  THE 


•  Urs.  Maj. 


1734,  July  9221,0218,6143,6 


10220,5  218,1 


1735,  Sept. 

1736,  Sept. 

1737,  Sept. 


1739,  April 

1740,  May 


Mm- 
sured 
DUt. 


Re. 
II  -i. 


Pr.-- 
rrx-i  in, 


A  her. 
ration. 


143,6 


221,0  218,6144,0 
222,0219,6144,8 


17 
31 

13  254,5  251,7166,9 
10268,0  265,1  186,4 
12  267,8  264,9186,5 
6285,3282,2205,9 
19317,0  313,6237,8 
25  312,5  309,1288,1 
26315,2311,8238,1 
30332,2328,6259,7 


June 


1741,  Aug. 
 Sept. 


31  333,7  330,1  259,7 
1332,7329,1  259,8 
3  332,7329,1  259,9 
4|331 ,0327,4  260,0 

6331,7328,1  260,1 
10331,0327,4260,8 
31  863,0  359,0|284,5j 
1  361,9358,0,284,6 


3  362,3  358,4  284,7 
21  368,7364,7285,6 
23  370,2  366,2  285,7 
6  382,2  378,0304,5 


1742.  Sept. 


1745,  Sept. 

1746,  Sept. 

1747,  Feb. 


5  449,9  445,0  363,6 
19  475,9  470,7384,0 
23  477,2  472,0384,2 
27499,2  493,8392,7 


18,0 
18,0 
17,6 
16,3 


Cor- 
rtvV'd 
Dint. 


93,0 
92,5 
92,2 
91,1 


6,9 
7,5 

8,9 
8,7 


91/ 


Nuta- 
tion. 


4,3 
4,3 
4,2 
4,1 


Mnui 
Dirt. 


-0,9, 


86,2  +2,1 
85,3 
85,0 


2,3. 
4.91 


88, 
88,2 
88,0 
87,0 
90,8 
88,3 
87,6 
89,9 
89,0 
86,0 
88,0 
93,0 


Argument 
of 

Nutation. 


-S.  » 

0  28  27 
28  24 
28  1 
27  17 


5  37 
11  16  24 
15  18 
10  27  17 


M«KKl'll 

ascend. 
Nude. 


7  9  5 
9  2 
8  89 
7  55 


1511 


616 
5  27  2 
26  56 
7  55 


3  22 
7  10 


10  1  4  2  20  52  10  25  27 


8,8 
5,0 
+  3,8 
-  9,9 


90,2—1,2 
91,7  4,2 
91,6  4,2 
91,2  5,3, 


89,0 
87,5 
87,4 
85,9 


Argument  |  Wf 
AU-rr.ili<m. 


41 

5  10 
11  51 

25  16 


ft  .  , 
8  27  32 

28  29 
4  5  10 

18  35 


7  37 
5  24 
7  22 
1  16 


6  0  56 
528  43 
6  0  41 
5  24  35 


616  43 

22  30 

23  28 
7  26  43 


27  40 

28  37 
8  0  31 

1  28 


26  26 


20  43     27  23 
19  4511  12  59 
19  89 
1  13 


1  10  2 

15  49 

16  47 

2  20  2 


20  59 

21  56 

23  50 

24  47 


26  41 
3  029 
5  18  46 

19  45 


21  42 
6  618 
17  58'     11  17 
1   4  5  24  23 


0  3  14 
2  3211  13  10 
2  191     12  57 


Sept.       3,497,0,491,6,402,8 ,+  9,6  98,4  "  6,5|  91,9      14  6 10  24  4  HO  27  54,  5  21  15 


4  24  0 


4  38 


0  22,     23  41 
13  48  6  7  7 
17  45|     11  4 
4  26  4711  20  6 


r,  Ursa:  Majoris  south  of  39°  15'. 

—  1 8",279  annual  precession. 
I7",8I  maximum  of  aberration. 
5-  5»  42'=  12'-  right  ascension  of  the  star. 

7»  7°  4l'=longimde  of  sun  s  place  when  the  aberration  in  declination  is  0. 


a  Urs.  Maj. 

Mhu  I  Re.  I  „ 

lurrd  J  Hut-erf 

Di.t.  |  Dim.  r*>on- 

Aba* 
ration. 

tW- 
nx-ted 
OUt. 

Nuta- 
tion. 

Mean 

Dirt. 

Argument 
of 

Nutation. 

Mnon's 
ascend. 
N<«lr. 

Argument 
of 

Aberration. 

Sun', 

1  .ntiijlu 

*  ■'        1   1  1  '  '  - 

1727,  Sept.  5 
14 
::15 
24 

141,8 
142,0 
144,0 
147,4 

* 

139,8 
140,5 
142,4 
145,8 

8,1 
8,6 
8,6 
9,1 

+  1 

12,5144,2 
10,3142,2 
10,1143,9 
7,8 144,5 

4,9 139,3 
5,0 137,2 
5,0 138,9 
5,0l  139,5 

'4  27  V 

26  38 
26  85 
26  6 

8.  •  • 
11  21  25 
20  56 
20  53 
20  24 

10  15  24 

24  11 

25  10 

11  4  1 

5  23  5 

6  1  52 
2  51 

11  42 
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I  Urs.  Maj. 


Mm- 
utinil 


durrd 


Prt>  Aba-. 

CtwioU.  DUUIU. 


+ 


1727,  Sept.  :25l 46,0 144,4 
(Jet.  13152,0150,8 
161.53,7152,0 
17155,0153,3 


mani. 


20  155,8  154,1 
26156,7155,0 
27158,0156,3 
Nov.  13162,5  160,7 

141 63/,  161,7 
15163,7161,9 
17164,3162,5 
mtnL  Dec.  f. ::  6 1 69,8 1  68,0 


9,1 
10,0 
10,2 
10,2 


Cor- 
rerted 


Nuts, 
lion. 


7,5142,8; 
2,2142,5, 
1,3)143,1 
1,01 44,1 1 


Mean 

Dirt. 


10,4  + 
10,6- 
10,6 

11,6 


11,6 
11,7 
11,8 
12,7 


13173,0171,1 
f.  :  14172,5  1  70,6 
29177,2175,3 
1728,  Jan.  f.  23 178,0 176,1 

24178,3176,4 
25180,0178,0 
f.:  26179,0177,0 

 Feb.  17178,3176,4 

March       21  170,5  168~6 
April  f.  ::  7164,5,162,7 
10165,5163,7 
15  164,0162,2 


13,1 
13,1 
13,9 
15,1 


0,1  143,8: 
1,9142,5' 
2,3143,3 
7,2141,9 
7,5142,6 
7,8142,4 
8,3142,4 
13,1  142,2 


5,0137,8 
5,1137,4 
5,2 137,9 
5,2138,9 
5,2138,6 
5,2137,3 
5,2138,1 
5,4 136,5 


Argument 
of 

Nutation. 


Moou'i 

aarend. 

Kaoa. 


4  26  311  20  2111  5  01 
25  G  19  24,  23  51 
24  50  19  14  26  51 
24  531     19  111     27  50 


24  4* 

24  25! 


5,4137,2 
5,4137,0 
5,4137,0 
5,5136,7 


16161,8  163,0 
f.  : :  17164,8163,0 
f.  :  18163,7161,9 
May  5159,7158,0 


I.   :  11  157,0155,3 
June  5  153,8152,1 
81.53,5151,8 
15153,5151,8 


21 153,0 151,3 
22  152,4 150,7 
24151,51149,9 
Ld.  C.  Cav.  25152,0150,3 


15,1 
15,2 
15,3 
16,4 
18,0 
18,8 
19,0 
19,8- 
19,3 

19,31  + 

19,4 

20,2 

20,51™ 
21,8 
21 ,9 
22,3 


14,4143,6 
14.6142,9 
16,8144,6 
17,7143,3 

17,6143,7 
17,5145,3 
17,5141,2 
15,1  144,9 


5,6138,0 
5,6137,3 
5,7138,9 
5,8137,5 

5,8137,91 
5,8139,51 
5,9  138,3 1 
6,0138,91 


22,6 
22,6 
22,7 
22,8 


7,6143,0 
2,7141,2 
1,8142,9 
0,3142,7 
0,0143,7 
0,3144,0 
0,6143,1 
5.6143,4 
7,3142,1 
13,2143,5 
13,7143,6 
15,0144,5j 

16,0 144,7 
16,1 144,2! 
16,3143,5 
16,414)3,9 


6,2,136,81 
6,3134,9 
6,3136,6 
6,3136,4' 


6,3137,4 
6,4137,6 
6,4136,7 
j),  4 137,0 
6,5 135^6 
6,61!16,9 


28151,5  149,9 
29152,0150,3 
July  2151,8150,11 
17152,5150,8 


22,9 
23,0 
23,1 
23,9 


Aug.  2154,0152,3 
::  3154,0152,3 
5155,0153,3 
12,156,0154,3 


21158,3156,6 
Sept.  8168,2160,41 
20  165,5  1  6,3,7 
21 166,0164,2 

88,167,7165,91 


24,7 
24,7 
24,9 
25,2 

2.5,8 
26,5) 
27,1  [ 
27,2 
27,1 


16.714.3,7 
16,8144,1 
17,1144,1 
17,8144,7 
17,3144.9 
17,3144,9 
17,1  145,5 
16,4145,5 

14,7145,5 
11,6145,5' 
8,7145,3 

8,4145, 
6,4144 


6,7 138,0 
6,7137,5! 
6,7136,8 
6,7137,2 

"6,8136,9 
6,8137,3 
6,8137,3 
6,9 137,8 

"631387> 
6,9138,0 
7,0138,5 


9  36] 
<)  33 


7,1 188,4 
7,1  138,4 
7,21:18.1 
7,2 138,2 
7,2137,5 


Argument 
of 

Aberratimi. 


19  2 
18  43 


050 
6  51 


24  22 

18  40 

7  51 

23  27 

1745 

24  59 

23  24 

17  42 

25  59 

23  21 

17  39 

26  59 

88  15 

1733 

29  1 

22  14 

16  32 

1  18  17 

i     21  38 

15  56 

25  24 

21  35 

15  53 

26  25 

21  1 

15  19 

2  11  40 

9  3  5 
4  6 
19  21 

9  421     14  0  3   7  O'lO  14  41 


13  57; 
13  54 
13  51 


8 
9 

10  2 
4  2 


Sun's 
Longitude. 


612  41 

7  1! 

4  32 

5  31 


8  81 

14  82 

15  32 
8   2  40 


3  40 

4  40 
6  42 

25  58 


15  42 

16  42 

17  43 


16  38,     10  56  5  4  48 
15  44     10  2,     21  24 
15  31       9  4*>     24  19 
15  18!      9  36|     29  10 

0  12  29 
29  5 

1  2  0 
6  51 

15  loi      9  33 
15  12       9  30 
15  9       9  27 
14  15       8  33 

6  0  8 

1  6 

2  4 

18  25 

7  49 

8  47 
945 

26  6 

13  55       8  13 
12  36>      6  54 
12  27      6  43 
12  4      6  22 

24  10!  2    1  51 
7  18  0     25  41 
20  51      28  82 
27  31  3  5  12 

11  45       6  3 
11  42       6  0 
11  36      5  54 
11  33       5  51 

8  3  13 
4  10 

6  4 

7  1 

10  54 

11  51 

13  45 

14  42 

11  23       5  41 
11  20       5  38 
11  10       5  28 
10  23      4  41 

9  52      17  33 
10  49     18  30 
13  40     21  21 
27  57  4  5  38, 

9  32       3  50 
9  29       3  47 
9  23       3  41 
9  3      3  21 

9  13  15     20  56 
14  13     21  54i 
16  8     23  flfl 
22  52  5  0  33j 
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REDUCTION  OF  THE 


i)  Urs.  Maj. 


1728,  Oct.  :  9172,5 

♦  • 

Soy. 


170,6 
111172,5170,6 
29178,5 


In- 
duced 
Dint. 


Cor- 

mtrd 
cauiou.  rauon.  , 


Pre-  Alwr- 


Nuu- 
ciim. 


-  + 


28,1 
28,2 


3,2145,7) 
+  2,6145,0 
,.,176,6  29,11-  8,0144,5 
17184,71182,7'  30,1 !  8,6144,0 


.Mean 
Duu 


.Argument  ]  Melon's 
of  iw  end. 

Nuuui.m.  Nixie, 


mane.       f.  ! 

Dec. 


19 185,5  183,5 
23187,01185,0 
24186,51184,5 
11  193,0190,9 


16  192,6j  190,5 
1729,  Jan.  16198,8196,6 
20199,5197,3 
21 1198,7196,.' 


_Aprih 


May 


30,11  9,2144,2 

30,3j  10,1144,6 

30,4]  10, 4j  143,7 

31,3  14,3145.3 


31,5 
33,1 
33,3 
33,3 


15,1  143,9 
17,8145,7 
17,8146,2 
17,7145,5 


June 


July 


22  199,0 196,8 
25199,7197,5 
27 199,0 196,8 

4188.0185,9 
5187,018.5,0 
8187,0185,0 
12184,8182,8 
13 185,2|  183,2 
16183,51181,5 
11  178.8176,8 
30173,5171,6 
31 173,5[l71,6 
4173,4171,5 
6 173,8|  171,91 
7173,3171,4 

23  171,5 169,6 
2.5  172,5;  170 
29 170,5]  168,6 
30171,7169,8 

5  172,0170,1 


33,4  17,7145,8 
33,51  17,6146,4 
33,6  17,5145,7 
STfij  3,6145,3 

37.0  3,3  1  44,7 
37,2|  2,4145,4 
37,4  1,2)144,2 
37,4-  0,91144,9 
37,6  0,0]  144,0 
38,8  +  7,2145,2 
39,8  11,9  1  43,7 
39,8    12,1 1 143.9 

40.1  13,0144,5 

40.2  13,4145,1 
40,2  13.6144,8 
41.0  16,1  144.7 


Sept. 
Oct. 


21  il72,3170,4 
10181,0179,0 
22185,3183,3 
7190,2:188,1 


41,1 
41,3 
41,3 
41,6 
42,4 
44,9 
45,5 
46,3 


16,3145,8 
16,8144,1 
16,9145,4 
17,3,14,5,8 


7,3138,4 
7,3137,7 
7,4:137,1 
7,5|137,5 

7,5136,7 
7,5137,1 
7,5136,2 
7,6137,7 


a 

5  5511 
49 


Viv-niimnt 
of 


8.   .  / 
0  13 11  20  37 

0  7i     22  37 


Sun's 
Longitude. 


4  52 10  29  10 
3  52     28  10 


17,8 145,8! 

11,2145,3 
8,2146,0 
3,9145,7: 


18jl91^|189,2i 
14192,5190,4 
:  24 195,5 193,4 
1730,  July  17191,7189,6] 


46,6  2,1144,7 
46,6 
47,1 
60,4 


Aug. 


f. 

Sept 
Dec. 


19191,7189,6 
24191,0,188,9 
5193,2191,1 
12195,0192,9 

18196,01915,9 
26 197,2 195,0 
18201,5199,8 
28]235,0]232,4 


+  1,8145,6 
-  1,7144,6 
+  17.8147,0 


60.5  17,81 46,9| 
60,8  17,7145,8 
61,4  17,21 46,9 
61,7!  16,5|147,7| 
62,0]  15,6147,5 
62,4^  14,4147,0 

63.6  +  9,314,5,0 
68,6^-16,7147,1 


7,6  136,3 
7,7138,0 
7,71:38,5 
7,8137,7 
7,8138,0 
7,81:38,6 
7,8137,9 
8,0137,3 


3  46 
3  33 
3  30 
2  36 


28  4 
27  51 
27  48 
2(3  54 


230 
0  41 
029 
0  M 

0  23" 
0  13 
0  7 
3  26  33 


26  38 
24  59 
24  47 
24  44 

24  41 
24  31 
24  25 
20.51 


0  10  37 
29  47 


1  48 

5  51 

6  52 
24  8 


s.  . 

6  28  18 

7  0  18 
18  18 

8  728 


929 

13  32 

14  33 
9  140 


29  18] 
3  0  4U0 

4  44 
_5  45|_ 
6  46 
9  47 
11  48 
5  18  15 


6  53: 
8  22 

12  25 

13  26 


14  27| 
17  28 
19  29 
0  25  56 


8,1 136,6 
8,1 137,3 
8,1 136,1 
136,8 

8,111:35^9 
8,2137,0 
8,2135,5 
8^135,7 
8,3136,2 
8,3136,8 
8,3136,5 
8,3136,4 


26  30 
26  21 
26  18 
26  15 

26~5| 
24  36 
23  36] 
23  33 


20  48 

20  39 
20  26! 
20  23 


19  13 
21  58 
26  1 

26  59 


20  13| 
18  54 
17  541 
17  5l| 


29  53 
6  23  56 
712  4 

13  1 


26  54 
29  39 
1  342 
440 


7  34 
2  13 

19  45! 

20  42 


8,3 137,5 
8,3135,8 
8,4 137,0 
8,4 137,4 


8,4137,4 
8,5 136,8 
8.5 137,5 
8,6  137,1 


8,6|  13(5,1 
8,6137,0 
8,7|l35,9 
9,0|  138,0 


23  20 
23  14 
23  11 
22  19 


22  13 
22  0 
21  57 
21  41 


17  38 
17  32 
17  29 
16  37 


16  49 

18  44 

19  40 
8  453 

— evr 

10  35 

11  82 
16  17 


20  50 
18  8 
17:30 
16  42 

Hi  23 
16  20, 
15  48 
1  42 


16  31 
16  18 
16  15 
15  59 
15  8  9  1  32 
12  2610  20  47 
11  4811   2  33 


24  30 

26  25 

27  21 
J2  34 

1428 

18  16 

19  13 

23  58 


11  0 

10  41 
10  38 
10  6 

926  0 


17  23 


24  22 

25  22 
0  5  21 
8  27  29 


4  9  13 

5  28  28 

6  10  14 
25  4 


7  2 
3 
13 
4  5  10 


9,01137,9  j 
9,0 136,8  J 
9,0)137,9  j 
9,0138,7 
"97)138,5 
9,0138,0 
9,0 136,0 
8,9138,2j 


1  37 
1  21 
0  43 
0  21 


25  55 
25  39 
25  1 
24  39 


0  2 
2  29  36 
28  33 
23  2 


22  51 
17  20 


29  24 
9  4  11 
15  40 
22  24 


24  20  28  11 
23  5410  5  56 
28  23 


7  5 
11  52 
23  21 
5  0  5 


5  52 
13  37 
6  6  4 


2  10  55,  9  18  36 
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y)  Urs.  Maj. 

Mea- 
Hirrd 

Hi*. 

K<- 
il  1 

Dirt. 

Pns 
oewiuii. 

Aber. 
ration. 

Oar- 

rrrtrd 

Nuta- 
tiou. 

Mean 
Di.u 

Argument 
uf 

Niitiiti.m. 

Moon', 

■mad. 

Node. 

7 

S.  / 

AI.err.tion.  I""**™"* 


1731,  Jan.  3236,7234,1  69,0-17,4-147,7 
Aug.  4210,2207,9,  79,6+17,2145,5 
7210,5  208,2  79,8,  17,014.5,4 
:  17211,8209,5  80,3  15,9145,1 

 20212,5210,2  80,1  15,514.3,3 

Sept.  ::  10218,5  216,1  l»^4|^l,:ji4<),0 
:  11  218,3  215,9  81,5'  11,1145,5 
: :  1 2  21 9,5  2 1 7, 1  81 ,5(    1 0,9  1 46,5 
13219,7  217.3  81,6    10,611 46,.'} 


18220,5  218,1  81,8 

h. ::  22221,5219,1!  82,1 1 

Oct.    1224,5222,1  82,5l 

 4  225,0  222,5'  82,7l 

m.  1732,  Jan.   1  2.51,0  2 18,3,  87,2 

9253,5  250,71  87,5 

11253,5  250,7  87,6 

April  13  241, 5  2.18,9  92,2 


9,4145,71 
8,3145,3 
5,8145,4' 
+_419144!7f 
-17,1  144,0 
17,5145,7 
17,6145,5 


-  1,0 


1 7  240,0  247,4  92,4 
1734,  June  11259,5  256,7  131,8 
12  260,5  237,6 131 ,8 
1 6  260,0  257,2  1.32,0 


+  0,3145,3 
14,3139,2 


14, 


1  M 


140,3 


18  2.59,0256,2132,1 
July   9  258,5  2.55,7 133,2 
:  10  258,5  2.55,7  133,2 
 11  258,5  255,7  1.3.3,3| 

16  258,0  2:5.5^2  133^5;" 

17  257,0254,2  133,5 
Aug.  3  261,5  258,6 1.34,4, 

7260,3  2.57,5i34,6| 


1 735,  Sept .  9  28 1,0  280.9 1 54,5 

10  283,7:280,6 154,6 

1736,  Sept.   8 298,0  294,7  1  72.8 

 12  29JM1 295J  173,0 

"1737,  June  22  305,8  302,5  187,2 

July  1 '307,0  303,71 87,6 
3  306,3303,2187,7 
6  306,3303.0, 187,8 


J5.1  140,3 

15.4  139^5 

17.5  140,0 
17,5140,0 
17,6140,0 

17,7139,4 
17,7il38,4 
17,3:141,5 
17,0  139,9 
11,61138,0 


11,4 


Sept.   6315,5  312,1  190,9 
1738,  June  18324,5  321,0  205,2 
27321,2  317,7205,7 
29  322,5  31 9,0  205.8 


137,4 


11,6133,5 
10,7133,4 

16,0  13T3 
16,9  133,0 


J  u  I  y       2  322,0  31 8,3  20:5,9 
: :  15  322,2  318,7  206,6 
Sept.  :  :  23  337,0333,3  210,1 
1739,  April  19,354,5  3.50,6  220,5 
25.351,5  34777  220^8 
26|350,9  347.1  220,8 
Aug.  :::  31319,7  34.5,9  227,2 
Sept.      :   3351,4  347,6  227,4 


15,4  131,2 
16,6128,6 
16,8|130.0 

129 
129,8 


17.1 
17.7 


8,0  131.2 
0.7 


130,8 
2,5jl2«U 
2,8|  129,1 
13,5,132,2 
12,9ll33,l 


8,9138,8 
8,5137,0 
8.5136,9 
8,5136,6 
8,5136,8 

8.4137J) 
8,4137,11 
8,4 138,1 1 
8,4j  137,9 

8,4137,3 
8,4136,9 
8,4|l37,0| 
8,4136,3 

lU  135/) 
8,0137,7 
8,0  137,5 
7,6138,1, 


2  22  43 
11  26 
11  17 
10  45 
10  36 


9  29 
9  26 
9  23 
9  20 


9 17  1  2 17  1 

5  44  9  14  29 

5  35  17  22 

5  3  26  59 

__4  54  29  53 

3~4710  20  18 

3  44  21  16 

3  41  22  15 

3  38  23  14 


s.  . 
9  24  42 

4  22  10 
25  3 

5  440 
7  34 


27  59 

28  57 

29  56 
6  0  55 


2,2,137,2 
2,2  136,2 


2,1 
-2,1 


139,4 
137,8 

+  1,2139,2 


7,6 137,71 
2,5  136,7 
2,51137,8 1 
137,8 
2,5 137,0 
2,3 137,7 
2,3  137,7 
2,3137,7 


9  3 
8  51 
8  22 
8  13 
3  30 
3  3 
2  58 
J_28  3 

2T47I 
0  16  16 
16  13 
16  0 


3  21  28 
3  911  2 
2  40 
2jH 
T8 


8       5  49 
4       9  45 
10  57     18  38 
13  56  _  21  37 

2  14  4.5  1T22  26 
22  51 10  0  32 
24  53       2  31 
5  27  15  1   4  56 


15  54 
14  47 
14  41 
14  40 


14  25 
14  22 
13  27 
13  15 


1,2 
4,1 
4,1 


6,1 
6,1 


138,6 
137,6 
137,5 


137,4 
139,1 
6, 11 38.7 
6,1  138,6 


6,51139,9 
7,s!l39,0 
7,81136,1 
7,9  137,9 


11  22  10 
22  7 
2  50 
2  38 


10  17  39 
17  10 
17  4 
16  51 


8  27 
27  23 
27  16 
_22j*l  _ 

22  5  6   1  8 
7  10  34  7  23  17  3 
10  31      24  13 
10  18     28  1 


8  49 
058 
1  54 

5  42 


10  12 
9  5 
9 
8 


8  19  54 


71 
27: 

2     20  51  28 

8     21  48  29 

8  43     26.34  4 
8  40     27  31 
7  45  9  13  47 
7  .33     17  38 


6  16  2810  19  21 
16  25     20  30 

5  27  8  19 
26  56  23 


28  1 
26  IN! 
6  0  43 


11  57,  8  3  59 

1128  12  31 

11  22  14  26 

1112  17  18 


8,0i  137,7 
8,0  137,8 
8,3  139,5 


8,8 
8,8 


139.6 
138,2 
137,91 
8,91141,1 
9.0142.1 


10  13  37 
9  28  31 

28  3 
27  57 

27  47 
27  6 
23  23 
12  22 

US 
12  0 
5  1 

5  7 


7  5510  16  56 
122  49  7  29  59 
22  21  8  8  30 
22 15  10  241 
22~ 5  13  16 
21  24  25  39 
17  4111  3  22 
6  40  6  2  24 


5  24  37 
3  7  40 
16  11 
18  .5 


20  5 
4  3  20 
611  3 
1  10 _5 
6  21       8  10     15  51 
6  18       9  8     16  49 
3  29  3510  10  37  5  18  IK 
29  25     18  32     21  13 


X  X 
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Hired 


Moon'i    I  Argument 
aioend.    1  of 
Nude.  AtmnilW 


r  Urs.  Maj. 


Re- 
duced 
Dirt. 


I're-  Aber- 
«tteiLHi.  ration. 


1740,  Mav  30;864,8;360,8240,8 

31  365,0361,0240,9 
June  1365,0361,0240,9 
 2;365,8'361,8241,0 

3364,01360,0241,0 
4  364,0  360,0241,1 
6365,0861,0241,2' 
 ^3^,41858,5  24 

1741,  Sept.   4:389,0.384,8  264,01 

21 395,0  390,7j264,8 
23395,2390,9,264,9 
1745,  Sept.  5;471,8  466,7,837,1 1 


1746,  Sept.  19497,6492,2356,1 

20  496,8  491,4356,2 

1747,  Sept  2513,8508,2373,5 

3512,3  506,7373,5 


12,0 

12,5 
12,7 


Cor- 
rected 
Dirt. 


Nuta- 
lUMl. 


132,0 
132,3 
132,6 
133,5 


Mean 

Dirt. 


12,9131,9 
13,1  132,0 
13,5133,3 
14,2131,3 


8,91*0,9 
8,9141,2 
8,9441,5 
8,9142,4 

8,9140,8 
8,9140,9 
8,9 142,2 
8,9140,2 


12,6133,4 
8,4jl34,3 
7,9133,9 

12,3141,9 
9,0145,1 
8,8144,0 

13,1 147,8 

12,9146,1 


7,5140,9 
7,4141,7, 
+  7.4141,3 

-3,2138,7; 

5,9139,2 
5,9138,1 
7,8140,0 
7,8138,3' 


Argument 
of 

Nutation. 


820  49 
20  46 
20  43 
20  40 


Sun'« 


3  15  7, 
15  4 
15  1 
14  58 


712  23) 

13  20 

14  17 

15  lfl 


2  20  4 
21  1 

21  58 

22  56 


20  37 
20  34 
20  27 
20  14 

14  55      16  12 
14  5£     17  8 
14  45,     19  2 
14  32*     22  51 

28  53 
24  49 
26  43 
3  0  32 

7  26  21 
25  27 
25  21 

5  856 

2  20  8910  15  2 
19  4511    1  89 
19  89'      3  38 

0  3  1410  16  0 

522  43 
6  9  20 
11  19 
5  23  41 

4  18  52 
18  49 
0  29 
0  26 


11  13  10|  29  29'  6  7  10 
13  7ill   0  28f      8  9 

10  24  4710  12  34  5  20  15 
24  44     18  3*     21  15 


N.  B.  The  pen  had  been  drawn  through  the  following  computation*,  which  were  therefore 


0  Draconia  1728,  May  7. 
aCaas.  1730,  Dec.  24. 
Capella       1727.  Aug.  31. 

1728,  Dec.  23. 

1720,  Aug.  19. 

The  blanks  were  left  in  the  computations  for  y  Draconis  at  the  end  of  1  "30.  and  for  n  Ur».  M. 
at  the  end  for  1730,  merely  to  preserve  the  symmetry  of  the  pages. 
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1715,  Oct.  21.  6h.  5&  20"  Mx  in  the  short  glass=31,20  rev.  ■> 
=36-  45". 

^d  =  difference  of  declination  between  M  and  x  in  the  same   Id 

glass  was  19,60  rev.  =  23'  23" 

X  i*  supposed  to  be  x  Sagittarii  in  Bayer.  Mars  was  more  northward,  and  also  more 
westward  than  x  Sagittarii. 

Oct.  29.  6h.  Jupiter's  diameter  =  1,45  rev.  =  46". 

•  Subsequent  to  the  time  of  Bradley's  becoming  Astronomer  Royal,  the  entries  made  by  his 
assistants  have  been  considered  us  belonging  to  him,  but  with  this  exception,  all  the  following 
observations  are  printed  from  originals  in  his  own  handwriting.  They  were  made  previous  to 
May  1732,  at  Wansted;  from  that  time  to  the  middle  of  1742,  at  Oxford;  and  afterwards  at 
Greenwich. 

The  earliest  up  to  March  1718  inclusive  were  found  on  a  loose  half-sheet  of  paper.  After 
this  lime  till  about  1732,  the  observations  were  entered  in  books,  made  by  sewing  together 
some  sheets  of  foolscap;  there  is  likewise  a  quarto  paper  book,  in  which  observations  at 
Oxford  were  entered,  between  1734  and  1741  :  from  these,  and  a  large  mass  of  loose  papers, 
the  selection  was  made  of  what  is  now  laid  before  the  public.  In  making  it,  care  was 
taken  to  omit  nothing,  excepting  in  the  following  particulars.  The  distances  of  the  planets 
were  sometimes  taken  from  stars  which  were  familiar  at  the  time  to  the  Observers  recol- 
lection, but  of  which  (possibly  from  that  reason)  he  has  omitted  to  specify  any  description 
by  which  they  can  now  be  recognised.  These  it  seemed  useless  to  print,  unless  when  the  mea- 
sures from  the  same  star  were  repeated,  and  something  could  therefore  be  deduced  from  them 
with  respect  to  the  motion  of  the  plunet  in  the  interval.  Transits  likewise  of  the  sun  and  some 
of  the  fixed  stars,  which  were  evidently  made  merely  for  the  sake  of  finding  the  errors  of  the 
clock,  and  which  could  answer  no  other  purpose,  have  been  likewise  omitted  in  the  collection, 
and  it  was  not  thought  worth  while  to  have  copies  made  from  sonic  rough  drawing  of  con- 
figurations. 

Some  difficulty  occurred  from  Pound's  observations  having  been  entered  previous  to  17*25,  in- 
discriminately in  the  same  book  with  Bradley's.  They  were  constantly  working  together,  and  it  is 
not  improbable  that  either  of  them  might  have  entered  what  was  really  the  result  of  their  joint 
labours  ;  but  there  is  now  no  means  of  ascertaining  in  what  cases  this  was  or  was  not  so,  and  it 
seemed  therefore  to  be  most  safe  to  confine  the  publication  to  what  Bradley  had  written  him- 
self.   Fortunately  the  two  handwritings  are  so  different  that  the  separation  could  be  made  with- 
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1715,  Oct.29.  Gli.  45'  0"  sp.  =  30,13  rev.  in  the  long  glass,  pJ. 
being  the  parallel  of  Jupiter's  nearest  limb  to  the  star. 


7h.   5'  30"  pj.  =  43,20  rev.  being  the  diff.  right  asc.  between  the  star 
and  Jupiter's  nearest  limb. 

11'  15'  sJ.  =  53,55  rev.  being  the  dist.  of  the  star  from  Jupiter's 

nearest  limb. 

iy  0"  sp.= 30,00. 

Hence  at  7h.  11'  15"  by  the  clock,  the  star  was  as  follows :  clock  1'  40"  too  slow 

for  the  mean  time  

0  27  14  the  distance  of  the  star  from  Jupiter's  centre. 

0  15  40  the  difference  of  declination  between  the  star  and  Jupiter's 

centre. 

0  22  10  the  difference  of  right  asc.  between  the  same,  measured  by 

the  micrometer. 

N.  B.  The  star  was  westward  of  Jupiter,  and  nearer  the  equator  than  Jupiter. 
Nov.  3.  5h.  by  the  clock,  the  star  from  the  nearest  limb  of  Jupiter  was  as  follows: 
clock  too  slow    1'  30". 

5h.  Hit  0"  the  distance  of  the  star  and  nearest  limb  of  Jupiter =34,75  rev. 
31'  0"  the  difference  of  declination  between  the  star  and 

nearest  limb   =  10,58  rev. 

40*  0"  the  diff.  of  right  asc.  between  the  same   =32,90  rev. 

N.  li.  The  star  was  eastward  of  Jupiter,  and  had  less  declination  from  the  equator. 
30.  18h.   6'  by  the  clock,  the  difference  of  declination  between  Saturn  and  y  Vir- 
ginis  in  the  long  glass  was  49,76  rev.  Saturn  being  more  southward  than  y. 

18h.  11'  Saturn  from  y  68,58  rev.  their  difference  of  right  asc.  in  time  1'  83", 
Saturn  was  more  westward  than  the  star. 
Dec.4. 16h.  52'  Saturn  from  y  was  in  the  long  glass  61,94  rev. 
17h.  2'  their  diff.  right  asc.  21,10  rev.  in  the  same. 

25'  their  diff.  declin.  58,00  rev.  y  being  more  northerly  than  Saturn. 
38"  their  diff.  right  asc.  in  time  44",  Saturn  being  more  west  than  y. 
44'  their  distance  61 ,85  rev. 
55'  Saturn  from  y  in  the  11  foot  glass  45,95  rev. 

581  the  same  repeated  45,85  rev. 

1716,  Aug.  12.  14h.  27  Jupiter  was  distant  from  a  star  visible  without  a  telescope 
37,10  rev.  in  the  long  glass,  the  star  was  more  northerly  and  more  easterly  than  Jupi- 
ter.  This  star  is  called  Propus. 

14.  15h.  0'  the  diff.  of  right  asc.  between  Jupiter  and  the  same  star  was  4"  in 
lime.  The  diff.  of  declin.  28,35 rev.  long  glass:  the  positions  as  before. 
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1716,  Aug.  19.  ISh.  9!  Jupiter's  centre  had  exactly  the  same  declination  with  ab  star 
whose  right  aac.  in  Cat  Britan.  in  1690  was  87°  55'  80";  iu  declination  28°  28"  25"; 
the  diff.  of  right  asc.  between  Jupiter  and  the  star  was  8'  20"  in  time.  [4]  c 
Jupiter  was  westward  of  the  star. 

24.  Jupiter's  diameter  1,20  rev.  j  w 

12h.  19'  Jupiter  was  near  the  small  stars  a  and  6. 
Jupiter's  nearest  limb  and  a  were  distant  18,43  rev.  its  nearest  limb  J 
and  b  10,70  rev.  Jupiter  was  eastward  and  southward  of  a,  but  westward  and  northward 
of  b.    The  distance  therefore  between  Jupiter's  centre  and  a  was  7  17',  between  6  and 
the  same  was  5'  54".    The  distance  between  a  and  b  is  24,50  rev.  =  12/  31". 

26.  12h.  59*  6  from  Jupiter's  centre  was  9'  26",  a  from  the  same  23'  29",  Ju- 
piter was  eastward  of  both,  and  northward  from  b,  and  southward  from  a. 


Venus  in  28°  of  a  between  5  and  6  degrees  south  latitude.  Rev. 

Sept.  10.  16h.  54'  Vcnus's  nearest  limb  from  a  small  star  42,72=  21  S3 

diff.  decl.  from  the  same   41,80=21  5 

Venus's  diameter    1,80=  57 

Venus  westward  and  southward  from  the  star. 
12.  I6h.  41'  The  farther  limb  of  Venus  from  the  same  star...39,90=18  40 

50"}  the  diff.  of  decl.  between  the  southern  limb  of  Venus  and  the 

star  1 1,22  rev.  =  S  51" 

ST\  the  farther  limb  of  Venus  from  the  same  star  37,00      =18  42" 


17h.   4'  the  diff.  of  right  asc.  between  the  centre  of  Venus  and  the  star 
was  V  10"|  in  time. 

the  diff.  of  declin.  betwixt  the  southern  limb  and  the  star  was  24" 

in  time. 

Venus  was  more  southerly  and  more  easterly  than  the  star. 

33' the  diameter  of  Venus  was   1,60  rev.  =  51" 

Nov.  29.  6h.  5'  Jupiter  from  Prop  us  41 ,25  rev. 

30.  5h.  41'  Jupiter  from  Propus  27,20  rev.;  diff.  declin.  14,70;  diff.  right  asc. 
5ff'{  decl.  33"  in  time.  By  this  observation  the  diff.  of  right  asc.  between  Jupiter 
and  Propus  127  36",  diff.  decl.  7  36"  of  a  degree. 

Dec.  1.  5h.  53  the  diff.  right  asc.  between  Jupiter  and  Propus  was  15"j  in  time,  Ju- 
piter from  Propus  16,25.  By  this  observation  the  diff.  right  asc.  between  Jupiter  and 
Propus  was  3'  50";  diff.  decl.  7  39".  In  all  these  observ.  Jupiter  was  eastward  and 
southward  of  Propus. 

4.  7h.  C  diff.  right  asc.  between  Jupiter  and  Propus  22"  55";  diff.  decl.  7  47'. 

"  There  is  tome  difficulty  here;  no  star  appears  in  the  British  Catalogue  with  exactly  this 
declination.  4  Geininorum  is  the  only  one  which  occurs  with  a  right  asc.  of  87s  55'  30",  and  its 
polar  distance  is  66°  59'  55". 

c  See  page  208,  note  b. 
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171(5,  Dec.  !>■  6h.  24'  diff.  right  asc.  between  the  same  and  Jupiter  31'  40";  diff.  decl. 
7  50".    In  these  two  lout  olrnrrv.  Jupiter  was  more  westward  than  Propus. 

0.  4h.  40"  diff.  right  asc.  between  Jupiter  and  Propus  40  10';  diff.  decl.  7  52". 
7.  4h.  41'  diff.  right  asc.  between  Jupiter  and  Propus  48"  55";  diff.  decl.  754". 
18.  Oh.  The  sun's  vertical  diameter  was  65,25  rev.  in  the  long  glass,  the  differ- 
ence of  refractions  between  the  upper  and  lower  limb  was  7",  which,  added  to  the  other, 
will  give  the  sun's  diameter  32"  46"$  by  my  Table,  by  the  odier  32"  89"J,  at  which  time 
the  earth  was  in  it*  perihelion;  so  that  this  is  his  greatest  diameter,  which  Mr.  Flam- 
stccd  makes  32*  40". 

171*.  March  12.  A  line  passing  through  a  and  8  of  Virgo  was  parallel  to  another 
|NUwing  through  the  two  stars  of  yd. 

April  10.  8h.  15'  mean  time,  Mars  was  distant  from  lx  of  Taurus  20,90  rev. 
in  the  10  feci  glass,  or  (allowing  for  refraction)  15'  40',  and  25,30  rev.  or  18'  50'  from 
lo  Tauri,  In-ing  to  the  east  of  a  line  passing  through  them  6,00  rev.  or  4'  51". 

At  8b.  50  Mars  was  nearly  in  a  line  joining  2x  and  2o.  Hence  the 
longitude  of  Mars  was  2«  4"  27  20"  with  north  lat.  0«  45'  55".  lx  a  lu=  45,80  rcv.= 
33'  25" ;  the  micrometer  seems  to  make  the  distance  too  small  between  the  stars,  so 
that  the  other  angles  ought  to  be  increased  in  the  same  proportion. 

15,  8h.  40  mean  time,  Mars  was  47,75  rev.  =  24'  0'  in  15  feet  glass  from 

t  of  Taurui. 

30,  8h.  33'  5"  mean  time,  the  1st  satellite  of  Jupiter  emerged. 

May  12,9h.  ll'ff'    the  3d  satellite  of  Jupiter  immerged. 

23,  8h.  4ff  0"    the  1st  satellite  of  Jupiter  emerged. 

An  eclipse  of  the  sun  observed  Feb.  18,  1718 

18h.  54'  T  ap.  t.  the  chord  between  the  horns  was    18  80" 

19h.  IT   0"   the  chord  between  the  horns  was    10  18' 

19"  80"   the  same    8  5" 

23'  20"  the  end  of  the  eclipse. 

Sept.  4.   An  application  of  the  moon's  north  horn  to  the  Bull's  eyec. 
19h.  59'   0"  mean  time,  Aldebaran  from  the  moon's  nearest  limb     S  38' 
20h.   3'  38"  from  the  same    4'  15" 

*  A  loose  (taper  was  found  with  an  entry  in  Pound's  handwriting  of  the  distance  of  Saturn 
from  «  Virginia  on  the  11th  of  March  l"l>.  and  he  has  added  to  it,  "The  same  night  the 
•'  direction  of  the  douhle  star  (via.  y)  of  Virgo  was  parallel  to  a  line  through  a  and  i  Virginis." 
This  Mama  to  bo  the  original  memorandum  from  which  he  copied  the  same  into  one  of  the  observa- 
tion hooks,  and  Bradley's  observation  on  the  following  night  is  a  very  valuable  addition  to  it. 

*  This  is  the  observation  of  which  llalley  speaks  (Ph.  T.  vol.  XXX.  p.  K">8.)  Denioue  coro- 
uidia  loco  observationcm  adiiciamus.  cximiain  auidem.  su'uiue  cencris,  quod  scimus,  ab  invento 
tele»co|>io  priniam ;  quamque  indefesse  D.  Jac.  Bradley  debemus  ddigentia».  Quinto  enim  Sep- 
lenibru  mane.  S>lc  jam  fere  30  gr.  alto,  vidit  apud  Wanstcd  arctissimuiu  Luna;  infra  Palilicium 
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1718,  Sept.  4.  IT  5"  mean  time,  again    1'  25' 

23'  9"                 rep   0  38" 

81'  r                  rep   0  18" 

33'  15"  Aldebaran  in  the  line  of  the  horns,  being  then  18"  distant  from 
the  moon's  limb. 

41'  0"  Aldebaran  from  the  north  horn    3'  42" 

42/47'  the  same    4  31" 

45"  87"  repeated    5' 86" 

58  0"  the  moon's  apparent  diameter    31'  T 

The  conjunction  of  Venus  and  Jupiter. 

5.  22h.  57  30"  m.  t.  Venus  and  Jupiter  in  the  7  feet  glass,  Venus  being 

westerly    1«  3'  28" 

7.  17h.  21'  0"    —   Venus  from  Jupiter  in  the  10  feet  glass  ...   0°  43'  18" 
34'  0"    The  difference  of  declination  between  Venus  and  Jupiter. 

Venus  more  south  and  cast  than  Jupiter   [5]  14'  23" 

39  0"    Venus  from  Jupiter   44'  4" 

Hence  the  conjunction  was  7th,  Oh.  9';  at  which  time  the  distance  between  their 
centres  was  1'  42',  Venus  being  more  south:  than  Jupiter. 

17.  16h.  51'  0"  mean  time,  Jupiter  from  Cor  Leonis    24'  22' 

171).   6'  20"  difference  of  declination,  Jupiter  more  north: 

than  Rcgulus   [5]  12  43" 

54'  0"  Jupiter  from  Regulus    24'  4*" 

18h.   7  0"  diff.  decl.  Jupiter  more  north:  and  east:    12*  35" 

Hence  long.  Q  26"  11'  7";  lat.  bor.  45  9&'. 

Oct.  17.  17h.  12  20"  m.  t  the  2d  sat.  of  Jupiter  immerged.  [5] 

18h.  14'  0"  tiie  distance  between  Venus  and  i  of  Virgo  17,%= 12*  8', 
the  diff.  decl.  11 1^=8  11";  Venus  was  south:  and  west:  from  the  star. 

Dec  11.  12h.  12*  0"  m.  t.  the  shade  of  the  4th  sat.  of  Jupiter  appeared  in  the 
middle  of  Jupiter  more  northerly  than  its  centre ;  the  centre  of  the  shade  moving  a  little  to 
the  north  of  the  northermost  belt  The  air  at  the  time  of  the  observation  was  very  uncon- 
stant,  Jupiter  appearing  sometimes  very  distinct,  and  in  a  minute's  time  very  confused. 

ISh.  12"  the  1st  and  2d  sat.  were  equally  distant  from  Jupiter,  being  distant  from 
each  other  about  the  diameter  of  either. 

14h.   8  the  first  edge  of  the  shade  of  the  4th  sat.  touched  Jupiter's  west:  limb. 

18  Jupiter's  limb  appeared  free  from  the  shadow.  At  this  time,  Jupiter  appeared 
very  distinct  and  clear,  and  the  shade  of  the  satellite  was  exceeding  black  and  distinct, 
and  seemed,  all  the  time  I  observed  it,  just  to  touch  the  northermost  belt  with  its  southern 
limb.    The  4th  satellite  appeared  very  small,  the  others  appearing  almost  twice  as  big. 

18h.  30  m.  t.  Saturn  was  distant  from  p  of  Libra  61Jf =28  32" ;  the  diff.  of  declina- 
tion 9if =4'  31",  Saturn  more  northerly  than  the  star,  and  more  east.    Hence  the  dif- 
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ference  of  longitude  25' j,  of  lat.  13,0,  Saturn  being  in  m  10"  41'  10"  with  2»  Iff  55" 
north  latitude. 

1718,  Dec.  19.  18h.  59'  50"  meantime,  the  4th  sat.  of  Jupiter  immergcd.  [5] 

1719,  Jan.  2.  llh.  10"  m.  t.  Jupiter  followed  p  Leonis  9'  35"=2°  84'  5",  being  more 
north  by  49"=  12"  5".  Hence  the  diff.  long.  2"  7  86",  and  diff.  lat.  1"  2  8",  Jupiter 
being  in  «R  4°  35'  36"  with  1°  9'  53"  north  lat. 

16.  18h.  40' m.  t.  Mars  was  distant  from  m  Scorp.  23'  10",  diff.  decl.  7  2',  Mars 
being  more  south  and  east.  Hence  the  diff.  long.  22  58",  of  lat.  3'  2',  Mars  being  / 
6'  7  3"  with  25'  38"  north  lat. 

19h.  ff  the  diff.  of  right  asc.  between  Mars  and  »  Scorpii  was  1'  3ff'=24'  4",  the  diff. 
decl.  30"$  =  T  7".  [4]    Hence  Mars  was  in  J  6°  7  26"  with  25'  36"  north  lat. 
21.  15h.  42  15'  in.  t.  the  2d  sat.  immergcd.  [4] 
Feb.    8.    6h.  42  45"  the  1st  and  4th  sat.  were  in  conjunction. 
By  the  observation  of  Jan.  28,  at  lOh.  the  right  asc.  of  Jupiter  was  154"  22  15"  with 
south  decl.  11°  59  10",  whence  his  place  was  «R  1°  54'  15"  with  1°  15*  15"  north  lat. 

16.    9h.  39'i  the  shade  of  the  4th  sat.  appeared  within,  but  in  contact  with 
Jupiter's  eastern  limb. 

9h.  45'  the  4th  sat.  appeared  in  the  middle  of  Jupiter ;  seeming  almost  as 
black  as  its  shade. 

llh.  45'  the  shade  in  the  middle. 

50"  the  satellite  touched  Jupiter's  limb  inwardly. 
12h.   8  it  seemed  to  touch  outwardly. 

it  was  certainly  separated  from  Jupiter's  western  limb. 
13h.  56  the  shade  touched  inwardly. 
14h.  5'\  the  limb  of  Jupiter  appeared  free  from  the  shade. 
March  5.    7h.  51'  0"  the  shade  of  the  4th  sat.  touched  the  west  limb  of  Jupiter. 
8h.   1'  30"  limb  free  from  shade. 

9h.  52   5"  the  2d  sat.  began  to  emerge  in  the  long  glass,  the  air  being  a 
little  hazy,  within  a  minute  after  I  saw  it  with  the  15  feet  glass. 

6.    8h.  15'  a  black  spot  a  little  more  north:  than  the  north  belt  appeared  in 
the  middle  of  Jupiter,  and  very  near  to  it  there  was  another  spot  in  the  said  belt. 

9.    7h.  26'  &'  a  bright  spot  in  the  northern  belt  appeared  in  the  middle  of 
Jupiter,  it  appeared  a  little  black  on  the  north  side  of  it. 

llh.  28*  45"  mean  time,  the  3d  sat.  of  Jupiter  emerged.  [6] 
34'  50"  the  1st  sat.  touched  Jupiter's  western  limb.  Apog. 
38'  20"  the  1st  sat.  disappeared, 
l  lh.  34'  10"  the  1st  sat.  began  to  emerge  out  of  Jupiter's  shade.  [5] 
10.    8h.  44'  8"  the  1st  sat.  touched  Jupiter's  eastern  limb,  perig. 
49"  50"  it  appeared  all  within. 
9h.  27  50"  the  shade  of  the  1st  seen  entering  on  Jupiter. 
31'  40"  all  within. 
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1719,  March  10.  lOh.  58*  38"  the  1st  sat.  touched  Jupiter's  west:  limb, 
llh.   4' 18"  separated  from  the  limb. 

38"  40"  the  shade  of  the  1st  touched  Jupiter's  west:  limb. 

44'  0"  the  limb  free  from  the  shade. 
13h.   4'  0"  the  bright  spot  on  the  northern  belt  appeared  again  in  mid. 

56"  20"  the  2d  sat.  touched  Jupiter's  east:  limb. 
14h.   9!  50"  it  appeared  all  within. 

Memorand.  In  these  oliservations  allow  for  the  versed  sine  of  the  parallax  of  die 
earth's  orb. 

March  9.  llh.  34'  50"  the  1st  sat.  touched  Jupiter's  western  limb,  being  in  apogee. 
10.    8h.  44'   8'  it  touched  Jupiter's  eastern  limb  being  in  per.  so  that 
in  21h.   '.)  18'  it  moved  5*  29°  5T,  its  mean  motion  in  the  same  time  being 
but  5»  29"  21',  the  difference  bcing+36\ 
March  9.  14h.  34'  10"  the  1st  sat.  began  to  emerge  out  of  Jupiter's  shade, 
and  on  10.  llh.  38*  40"  the  first  edge  of  its  shade  touched  the  eastern  edge  of  Jupiter, 
whence  in  21  h.   4'  SO"  it  moved  6*  0°  6"  15",  its  mean  motion  for  that  time  being 

1°  20'  40"  less,  whence  it  may  be  concluded,  that 
if  these  inequalities  proceed  from  an  eccentricity  in  the  satellite's  orbit,  the  perigieoirpart 
must  be  nearer  the  middle  between  the  two  last  observations  than  the  two  first,  the  mo- 
tion of  the  satellite  being  swiftest  between  the  last  observations.  If  the  place  of  the 
apogee  be  supposed  in  the  beginning  of  Leo,  and  the  greatest  equation  one  degree,  'twill 
very  well  account  for  these  observations. 

11.  9h.   2'  47'  the  1st  sat.  began  to  emerge  in  the  long  glass.  [6] 

12.  7h.  10"   0"  a  large  black  spot  in  the  middle  belt  appeared  near  the 
middle  of  Jupiter,  having  past  the  centre  two  or  three  minutes  before  'twas  observed. 

8h.   7  45"  the  2d  sat.  touched  Jupiter's  west:  limb,  being  in  apog. 
12h.  26'  14"  the  2d  sat.  emerged,  a  very  exact  observation.  [8] 

13.  12h.  50'   4"  the  4th  sat.  imincrged,  [5]  a  good  observation. 

16.  15h.  28"  10"  the  3d  sat.  emerged.  [5] 

17.  8b.  45'  the  4th  sat.  from  the  east:  or  nearest  limb  of  Jupiter  8  57'  in 
15  feet  tube,  being  within  two  degrees  of  its  utmost  elongation. 

lOh.  82"  30"  the  1st  sat.  touched  Jupiter's  eastern  limb.  Perig. 
36"  45"  it  appeared  all  within. 

18.  lOh.  57  40"  the  1st  sat.  began  to  emerge  [7]  a  very  good  observation. 
27.    7h.  21'  20"  the  1st  sat.  emerged. 

9h.   5'  50"  the  shade  of  the  3d  touched  Jupiter's  west:  limb. 
14'  0"  the  limb  free  from  the  shade. 
30.  llh.   4'  0"  the  4th  sat.  began  to  emerge  out  of  Jupiter  s  shade,  by  the 
long  glass.  (123  f.)  At  the  time  of  its  first  appearance  it  was  almost  in  contact  with  the 
2d,  being  more  southerly,  and  a  little  nearer  Jupiter  than  the  2d.  The  distance  of  their 
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nearest  limbs  did  not  exceed  the  diameter  of  cither  of  them.  It  was  seen  in  the  15  foot 
glass  within  less  than  a  minute  after  the  time  mentioned  before,  and  'tis  probable  the  dif- 
ference would  not  have  been  so  great,  if  it  had  not  appeared  so  exceeding  near  to  the 
2d  when  it  began  to  emerge.  The  air  was  very  still  and  clear,  and  the  observation  very 
good.  [7] 

1719,  March  30,  the  direction  of  the  double  star  a  of  Gemini  was  so  nearly  parallel  to 
a  line  through  x  and  f  of  n,  that  after  many  trials  we  could  scarce  determine  on  which 
side  of  <r  the  line  from  x  parallel  to  the  line  of  their  direction  tended ;  if  on  either,  'twas 
towards  /3.  This  observation  was  made  when  the  air  was  still,  and  with  the  ^  inch  eye- 
glass, which  made  the  stars  appear  a  good  distance  from  each  other'. 

April  6.  9h.  29  35"  the  2d  sat  began  to  emerge,  by  the  15  foot  glass,  the  air  being 
a  little  hazy. 

7.  the  4th  sat.  was  seen  on  Jupiter's  disc,  seeming  very  black,  as  on  the  16th  of 
Feb.  before.  It  continued  to  appear  a  dark  spot  quite  to  Jupiter's  limb,  which  it  seemed 
to  touch  at  9h.  13',  but  the  sat.  did  not  appear  on  the  limb  till  9h.  21',  and  was 
certainly  separated  from  Jupiter's  limb  at  9h.  28'. 

From  this  observation,  it  appears  that  the  part  of  the  sat.  that  seemed  so  black  whilst 
on  Jupiter's  disc  was  great  part  of  the  eastern  limb,  which  reflected  the  light  so  faintly, 
that  it  could  not  be  seen  till  the  sat.  was  half  out,  otherwise  it  must  have  made  a  protu- 
berance on  Jupiter's  limb  soon  after  the  dark  spot  touched  it,  but  the  sat.  not  beginning 
to  appear  till  8"  after,  and  being  separated  from  the  limb  in  15',  it  follows  that  the 
quantity  of  light  reflected  from  the  foremost  half  of  the  sat.  disc  was  not  sufficient  to 
make  it  visible,  which  will  easily  account  for  its  appearing  so  black  when  on  Jupiter, 
and  also  why  it  seemed  smaller  than  its  shade,  as  was  observed  on  Feb.  16,  when  the 
sat.  and  shade  were  seen  on  Jupiter  at  the  same  time. 

About  12h.  the  distance  of  the  4th  sat.  of  Saturn  from  its  nearest  limb  15  rev.  £f  = 
54",3  the  satellite  being  then  in  conjunction. 
The  diameter  of  Saturn  being  5|f =19"- 
The  diameter  of  the  ring  12?;=  44",4. 

9.  lOh.  25'  15"  the  1st  sat.  touched  Jupiter's  east  limb,  being  in  Perig. 

31'  0"  it  appeared  all  within,  and  continued  to  be  seen  all  the 
time  till  it  came  beyond  Jupiter's  centre,  and  at 
llli.  34'  30"  the  shade  was  seen  coming  on. 

3T  10"  'twas  all  within. 
12h.  40"  20"  the  satellite  touched  Jupiter's  west:  limb  internally. 
4ff   0"  it  touched  externally. 

'  The  following  entry  has  been  found  in  Pound's  handwriting :  "  IJW,  March  25,  the  di- 
"  rection  of  the  double  star  (Castor  or)  a  of  Gemini  was  parallel  to  a  line  through  Pollux  (or  0) 
-  which  left  ■  to  the  westward,  as  also  g  tending  to  near  the  middle  between  g  and  /  of  Ge- 
"  mini." 

Another  observation  of  Castor  by  Bradley  was  made  1 722,  Oct.  1 . 
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The  greatest  diameter  of  Jupiter  was  12  rev.  ,'T=41",4. 

The  least  11  rev.  ^=88",5. 

The  diameter  of  Saturn  5  rev.  H=19". 

Thc  diameter  of  the  ring  12  rev.  J|=44",4. 

1719,  April  10.  7h.  41'  50"  the  1st  sat.  touched  Jupiter's  wests  limb,  being  in  apog. 
46'  40"  it  disappeared. 
8h.  5T   0"  the  3d  sat.  touched  Jupiter's  east:  limb,  being  in  perigee. 
9h.   T  0"  it  appeared  within  the  disc  as  a  bright  spot,  but  afterwards 
it  appeared  dark  like  the  4th ;  so  that  when  'twas  about  the  middle  it  appeared  like  the 
shade  of  a  satellite,  but  not  quite  so  black.    The  sat.  continued  to  be  seen  as  a  black 
spot  till  'twas  near  the  west:  liinb,  and  not  bright  as  when  it  came  on,  so  that  when  it  was 
very  near  the  limb,  it  could  not  be  seen, 

llh.  IV   4"  the  1st  sat.  seen  emerging  by  the  long  glass. 

11'  24"  'twas  seen  in  the  15  f.  glass,  [7]  a  very  exact  observation. 
12b.  32'  0"  the  3d  sat.  seen  coming  off  Jupiter's  disc. 

42  20"  separated  from  Jupiter's  west:  limb. 
18h.  41'  0"  the  shade  of  the  3d  sat.  seen  coming  on  Jupiter. 

48'  0"  the  shade  appeared  all  within ;  at  this  time  Jupiter  was 
low  and  did  not  appear  so  distinct  as  before,  though  better  than  it  often  does  at  the 
same  altitude. 

11.  10Jh.  the  diameter  of  Satum  5  rev.     ;  of  the  ring  13  ^=45". 

llh.  5'  the  4th  sat.  of  Jupiter  from  Jupiter's  centre  18  rev.  J-f  =  ff  45", 
the  satellite  being  in  its  greatest  elongation. 

14.   7h.  23'  30"  the  3d  sat.  of  Jupiter  emerged.  [5] 

21.  7h.  57'  20"  the  3d  sat.  immerged,  both  very  exact  observations.  [9] 
llh.  21'  35"  the  3d  emerged. 

22.  9h.  41'  0"  the  shade  of  the  2d  seemed  to  touch  Jupiter's  west:  limb 
within,  the  centre  of  the  shade  moving  along  on  the  north:  edge  of  the  northermost  belt : 
about  this  time  a  spot  in  the  same  belt  appeared  in  the  middle. 

9h.  45'  0*  the  shade  disappeared,  Jupiter  at  this  time  did  not  appear 

well. 

lOh.  45'  0"  p.  of  Libra  preceded  Saturn  4"*.  in  time.  Saturn  was 
more  north:  and  distant  from  p  76  rev.  J^=35'  25".  The  duT.  of  right  asc.  was  taken 
several  times  by  different  threads,  and  all  the  observations  agreed  to  1".  The  distance 
ought  to  be  corrected  on  account  of  refraction. 

23.  the  diameter  of  Saturn  5i}  =  19",  of  the  ring  12i|=44" 
27.  llh.  the  4th  sat.  of  Saturn  from  Saturn's  centre  54{£=S'  8",5. 
May  6.  llh.  the  4th  sat.  of  Jupiter  being  in  its  greatest  elongation,  was  distant 
from  Jupiter's  centre  \7{\  =  g  5". 

7.  9h.  SO*  the  3d  sat.  of  Jupiter  from  the  nearest  limb  of  Jupiter  74$  rev. 
=  4'  16"A  from  the  farthest  85,'T  rev. =4'  53",1. 
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1719,  May  7.  the  greatest  diameter  of  Jupiter  10^ rev.  =  30", 7. 

lesser   10  =  34",4. 

At  9h.  3C  the  3d  sat.  of  Jupiter  was  4"  10"  from  its  greatest  elongation,  and  the  dis- 
tance of  it  from  Jupiter's  centre  being  by  those  observations  79  rev.  J£=4'  34",51;  it 
follows,  that  when  Jupiter  is  in  its  mean  distance  from  the  earth,  the  3d  sat.  in  its 
greatest  elongation  will  be  4'  41",83  from  Jupiter's  centre,  and  the  4th  will  be  8'  15",71. 

From  the  transit  of  the  3d  over  Jupiter  on  the  10th  of  April,  it  follows,  that  the 
longest  semidiameter  of  Jupiter  at  the  3d  sat.  is  3"  53*;  at  the  4th,  2°  lit  20";  the  3d 
lk-ing  14,766.,  and  the  4th  25,97  semidiameters  of  Jupiter  from  his  centre.    Hence  the 
equatorial  diameter  of  Jupiter  at  its  mean  distance  from  the  earth  is  38",174. 
the  diameter  of  Saturn's  ring...  12J4  rev.  =  48",?. 
tlve  inner  diameter  of  the  ring  ...  8^        =  29",2. 

the  diameter  of  Saturn   5J  =19". 

11  h.  40*  the  2d  sat.  of  Saturn  was  to  the  north  of  the  line  of  the  ansa-, 
and  a  perpendicular  to  that  line  from  the  sat.  fell  upon  the  western  ansa  about  J  of  the 
breadth  of  the  ring  from  the  outward  edge.  At  this  time  all  the  satellites  were  visible, 
the  1st  coming  towards  its  greatest  elongation  to  the  west;  the  3d  to  the  east;  the  4th 
put  his  tn  the  west,  and  the  5th  not  far  from  its  conjunction  with  Saturn. 

8.   9h.  10"   0"  the  2d  sat.  of  Jupiter  emerged,  [8]  a  very  good  ob- 
servation. 

16.   9h.  15'  Regulus  preceded  Jupiter  G  17"  in  time,  Jupiter  being  more 
north:  than  Regulus  41"£  in  time.  [8] 

18.   8h.  50'  40"  the  1st  sat.  touched  Jupiter's  eastern  limb. 

55'   0"  it  appeared  all  within  Jupiter's  disc. 
27    9h.  52"  the  4th  sat.  of  Jupiter  touched  Jupiter's  east:  limb. 
lOh.  3'  it  appeared  within. 
By  the  mean  of  the  two  observations  of  the  transit  of  the  1st  satellite  over  Jupiter  on 
the  10th  of  March  and  the  9th  of  April,  the  4th  sat.  is  26,8  semidiameters  of  Jupiter 
from  Jupiter's  centre,  and  the  longest  diameter  of  Jupiter  at  his  mean  distance  from  the 
earth  37". 

28.  lOh.  45'  the  4th  sat.  of  Saturn  from  the  nearest  ansa  46rev.  =  2  38,2 

from  Saturn's  nearest  limb  49i    =2  49,4 

from  the  farthest  ansa  58$     =3  21,2 

IQ|h.     the  diameter  of  the  ring   12,^  =  42,4 

the  inner  diameter  of  the  ring   8Jf  =  30,3 

the  diameter  of  Saturn   5,TT  =  18,2 

llh.  0*  the  3d  sat.  of  Saturn  appeared  exactly  in  conjunction  with 
Saturn,  being  in  the  superior  part  of  its  orb.  [5] 

29.  lOh.  the  4lh  sat.  of  Saturn  from  the  nearest  ansa   48  rev.  =  2  45,1 

from  the  farthest  ansa...60£    =3  28,1 
At  the  time  of  this  observation,  the  sat.  was  a  little  to  the  southward  of  the  line  of  the 
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ansa,  being  somewhat  past  iu  greatest  elongation :  on  the  '-'St  h  day  it  appeared  much 
more  to  the  northward  of  the  line  of  the  anrae  than  southward  at  this  time,  it  then  want- 
ing much  more  of  being  in  its  greatest  elongation,  than  'twas  past  it  now. 

1719,  June  S.  lOh.  5ft  the  4th  sat.  of  Jupiter  was  seen  emerging.  Jupiter  at  that 
time  being  very  near  the  horizon,  and  the  satellites  all  appearing  dull  by  reason  of  the 


vapours  near  the  horizon.  1^     f  0 

6.  lOh.  SO  the  4th  sat.  of  Saturn  from  the  farthest  ansa...  581=3  22 

from  the  nearest    46£=2  39 

the  diameter  of  the  ring   12fr=  42f 


By  the  observations  made  1719,  the  greatest  elongation  of  the  4th  satellite  of  Jupiter 
seen  at  the  sun  (Jupiter  being  at  iu  mean  distance  therefrom)  is  as  follows : 
March  17.    8h.  45'  elong.  max.  8'  15",0 

April    11.  llh.  5'    8-  1<T,6 

May     6.  llh.  ff    8"  16",4 

7.   gh.  30'    8-16",5 

The  mean  of  all  is  &  16",1.  Hence  supposing  the  distance  of  the  4th  sat.  from  Jupi- 
ter's centre  to  be  26,38  semidiametcrs  of  Jupiter,  as  in  my  Tables,  the  greatest  diameter 
of  Jupiter  at  its  mean  distance  from  the  sun  will  be  37",6.  But  from  the  several  ob- 
servations of  Jupiter's  diameter  taken  with  the  micrometer  in  the  long  glass,  the  greatest 
diameter  when  Jupiter  is  at  its  mean  distance  is  39",0. 

By  the  transit  of  the  1st  sat.  over  Jupiter's  disc,  March  10,  1719,  the  distance  of  the 
4th  sat.  from  Jupiter  is  26,8  gemidiamctcrs  of  Jupiter;  and  by  the  transit  observed  of 
April  9, 1719,  the  distance  of  the  4lh  is  26,6;  and  from  the  mean  of  these,  and  the 
greatest  elongation  of  the  4th  l>efore  mentioned,  the  longest  diameter  of  Jupiter  at  its 
mean  distance  from  the  sun  is  37',  1 ;  so  that  the  diameter  of  Jupiter  observed  by  the 
micrometer  seems  too  big  about  1"§  or  2". 

By  the  transit  of  the  3d  satellite  on  April  10,  1719,  the  distance  of  the  4th  ought  to 
be  but  25,7  semidiameters  from  Jupiter,  and  the  greatest  diameter  of  Jupiter  at  its 
mean  distance  from  the  sun  38",6. 

From  the  mean  of  all  the  observations,  the  greatest  diameter  of  Jupiter  is  to  the  least 
(both  taken  with  the  micrometer)  as  27  to  25,  or  as  39''  to  36",  1 ;  but  if  two  seconds  be 
subtracted  from  each  upon  the  account  of  the  light,  then  the  diameters  will  be  as 
37'  to  34  ,1. 

The  diameter  of  Saturn's  ring  at  its  mean  distance  from  the  sun  is,  by  the  ob- 
servations made  in  the  year  1719,  as  follows: 

May   2.  diam.  ring  41,5 

7.    40,9 

28.    40,4 

June  6.    41,1 


April   7-  diam.  ring  41,3 

9.    41,3 

11.    41,8 

28.    41,0 
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The  mean  of  all  is  41'  i-.  The  diameter  of  the  ring  is  to  the  diameter  of  Saturn  (both 
observed  by  the  micrometer)  as  7  to  3,  therefore  the  diameter  of  Saturn,  at  its  mean 
distance  from  the  sun,  is  by  the  micrometer  Iff. 

The  greatest  elongation  of  the  4th  sat.  of  Saturn  when  Saturn  is  at  its  mean  dis- 
tance, from  the  observations  made  1719,  is  as  follows: 

April  27.  elong.  4th  sat.  Saturn  2  55,5  |  May  29.  elong.  4th  sat.  Saturn  2  58,6 
May  28.   2  57,4  |     June   6.    2  55,4 

The  mean  of  all  is  2"  56"'$,  and  hence  the  greatest  elongation  of  the  5th  or  outermost 
satellite  is  8"  34",  when  Saturn  is  at  its  mean  distance  from  the  sun. 

1721,  Jan.  12.  About  this  time  the  new  contrived  micrometer  was  finished. 


Mars  observed  from  a  small  star  by  the 
micrometer,  in  the  15  feet  tube,  which 
was  moved  by  a  machine  that  made  it 
keep  pace  with  the  stars. 

1721,  October  14. 
Time  of  the  ob- 

clock,  not  cor  - 

reel.  Angle* 

H.    ,    „      Rev.       ,  . 

7  5  40  53|*  24  42,1  the  dist.  of 
Mars  from  the  star. 

17  40  53,**  24  33,8  the  same 

36  20  52J*»  24  13  •error forsan^ 

48  0  52/8  24  8,2 

59  25  51  J|  28  55,6 

8  27  0  50||  28  27,8 
33  20  50JJ  23  25 
48  0  50J*  23  17,4 
45  80  50&  23  13,9 
55  30  50,'B  23  8,4 

9  5  0  m  1  7,3  the  diff.  of 
declination,  Mars  being  more  south:  than 
star. 

9  46  46  9h.  15  0  '  by  the  chamber 
clock,  which  was  too  slow  12"  35"  for  the 
mean  time. 

16  28  0  4y<!«v.  1'56"  diff.  of  decl. 


Mars  more  southerly  than  the  i 
right  asc.  of  this  star  43"  42-4 
s.  declination   15°  S6'§ 


II. 


Rev. 


16  4410  35,!0  16  15  distance 
58  0  34JJ  16  5,2 

17  9  35  84J{  15  52,7 
19  20  84/0  15  48,6 
24  30  34  15  43,7 
29  0  33U  15  42,3 
33  30  33U  15  33,2 
41  0  33 1  i  15  30,5 
45  40  33|J  15  25,6 
49  55  33/6  15  22,1 
52  35  33t'5  15  19,4 


18  2  0     4J|     2  8,3  diff.  of  declin. 
21   5  18  20h.  33'  by  the  chamber  clock, 
which  was  then  too  slow,  121  34"  for  the 
mean  time,  and  therefore  the  parlour  clock 
19"  44"  too  fast  for  the  i 


Mars  observed  from  the  I 
the  14th. 

Time  by  the 


parlour  < 

not  con 

15.  7  2  30  7|§  3  28  the  diff.  of 
decl. 

25  0     8J|     4  0  the  diff.  of 
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right  asc.  in 

the  parallel  taken  by  the 

ii.  ,  . 

micron). 

9  10  30 

794 

11.  ,  » 

H«r. 

i  « 

18  30 

78J 

7  34  15 

3  58  the  same  re- 

22  30 

784. 

pea  ted. 

27  0 

78* 

39  54 

8iS 

3  51 

34  30 

771 

45  37 

8* 

3  44,8 

42  0 

77 

54  17 

3  38,6 

45  0 

764 

8  1  30 

333 

50  0 

764 

330 

330 

1715  15 

474 

16  30 

319,2 

20  0 

47* 

26  10 

(HI 

3  8,7 

23  50 

46} 

32  17 

3  4,5 

31  20 

±6t 

41  0 

2  54,1 

34  20 

46T 

47  10 

2  51,4 

38  40 

454 

57  0 

3  43,4  the  diff. 

41  50 

45} 

of  decl. 

48  0 

454 

9  40  55 

9h.  8*  by  the  chamber 

SO  15 

454 

clock,  at  that 

ime  sloi 

s-er  than  the  mean 

18  1  15 

44} 

time  1*  32". 

345 
930 

444 
44 

Mars  observed  from  another  small  star. 
The  diff.  of  right  asc.  were  taken  by  a 
chronometer  that  beat  4  seconds,  and 


1721,  Oct.  20. 
The  right  asc.  of  star  41°  36. 

Time  by  the 
parlour  dock, 


H.  ,      »  * 

8  29  0  814  in  time,  the  diff.  of  right 
asc.  between  Mars  and  the  star. 

84  30  81* 

40  0  81f 

46  0  80} 

50  45  804 

56  45  80f 

9  0  45  794 
5  45  794 


21   8  17  20h.  29'  by  the  chamber  clock, 
which  was  too  slow  for  the  m.  t.  12*  20". 
The  parlour  clock  gained  1"4  per  diem. 


Mars  observed  from  another  small  star. 
Oct  25. 

Right  asc.  of  the  star  39*  58 

South  declination   15°  9' 

Time  by  the 


right 


H.  ,     ■  • 

5  54  30  354 

56  0  35| 

57  49  354 

6  0  0  354 
3  30  34f 

6  15  344 

7  42  344 
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H.  ,  > 

6  9  27 

34* 

10  56 

34} 

12  13 

344 

14  17 

34* 

15  34 

34* 

1730 

34; 

18  38 

34 

20  14 

34 

23  8 

33j 

25  8 

334 

2o  35 

S3* 

33} 

JO  DO 

32* 

tiii  u 

Ml 

a  !•  a 

qai 

7  730 

the  star 

the  i 

12  0 

30* 

13  13 

30* 

1450 

30* 

16  0 

30* 

17  20 

30} 

18  36 

30 

21  16 

29* 

23  0 

30 

8  8  8  7h.  40'  by  the  chamber  clock. 

14  42  0  2 

48  40  1{ 

49  40  1* 

50  15  1* 

51  30  1} 
53  0  1* 
55  27  1* 

15  0  0  the  west  limb  of  Mars  had  the 

same  right  asc. 
9  50  Mars  and  the  star  the  same 

  right  asc. 

16  0  the  diff.  of  decl.  2,0 rev. =55"* 
Mars  south. 


II.  , 
15  24 


the  east  limb  the  same  right 
asc.  with  the  star. 


16  55  0 

64 

57  10 

6* 

59  0 

6* 

17  1  40 

6* 

350 

7 

6  40 

7* 

9  7 

7* 

10  14 

7* 

11  10 

7* 

15  9 

7* 

10  9 

8 

17  16 

7* 

18  8 

W  15 

8 

xi  10 

8* 

Q 

28  37 

8* 

Aft* 

25 

8* 

25  53 

84 

tin  1  a 
27  12 

8* 

28  0 

8* 

28  50 

84 

30  30 

84 

31  20 

9 

32  20 

9* 

34  0 

9* 

34  56 

9* 

36  9 

9 

39  40 

9 

41  0 

94 

42  0 

9* 

42  52 

94 

43  55 

94 

44  50 

10} 

45  46 

9* 

46  43 

10 

47  42 

9* 

48  38 

10 
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h.  ,  . 
17  49  36 

50  38 

51  24 

52  10 


I0't 
10 
10i 
10{ 


which  was  12'  8"  too  slow  for  the  mean 
Parlour  clock  gains  29"  per  diem  of  the 


19  42  21  19h.  14'  by  the  chamber  clock, 


*  There  are  some  similar  observations  of  Mars  made  in  Aug.  1719,  which  are  mentioned 
by  Halley.  Ph.  Tr.  vol.  XXX.  p.  1 1 1 1.    They  have  not  been  inserted  in  the  text,  because  they 
are  all  entered  in  Pound  s  handwriting ;  but  they  are  here  subjoined,  as  it  is 
had  some  share  in  making  them.    Sec  Ph.  Tr.  vol.  XXXI.  p.  1 14. 
1719,  Aug.  14. 
H.  i 

M.T.   8  54  /13+. 

55i\13i 

57  (VH 
1    I  14 
4  \  14* 
7*  U4{ 

13  I  14* 

15  \  15 
16$  U5* 


10 


14  44   /-2H4  1 
4S  J  281  } 

54|  (20  J 


15 


56  <  -'fi-\ 
57|  lM  I 


si 


{ 


29 

29f 
29, 


> 


The  second  and  fourth  columns  are  the  dif- 
ferences of  the  right  ascension  in  time,  be- 
Mars  and  a  smal 
ion  was  about  104, 
of  Mars  at  I0$h. 

The  star  being  very  small  it  could  not  be 
observed  very  exactly. 

The  time-keeper,  by  which  these  observa- 
tions were  made,  lost  about  one  second  in  a 
of  an  hour  m.  time. 


Aug. 

H.  / 


17- 


8  56  2  50t 

V  4 

5(H 

12 

504. 

19 

49i 

25 

49 1 

31 

49: 

40 

48 

46 

4K 

51 

48 

56 

4H 

10  4 

47* 

H.  / 
10  II 
17 

14  9 

37 
48 

15  1 
7 

12 
24 
31 


2  47 

an 

33* 
334 
33 

si 

32 
311 


This  night  Mars  was  observed  from  the 
southermost  of  two  small  stars. 

At  lOh.  the  dirt",  of  declination  between 
Mars  and  that  star  was  32"J  by  the  clock  \ 
Mars  being  more  southward  and  more  east- 
ward. 

The  din",  of  right  asc  between  the  two  stars 
4"t  by  the  clock. 

Their  diff.  of  decl.  15  "i  by  the  clock. 
The  southermost  the  more  easterly. 


To  Aug.  14,  Bradley  baa 
"  By  taking  the  mean  of  these 


as  they 


are  here  connected,  and  supposing  the 


"  motion  of  Mars  in  right  asc.  to  be  15'  52",7  per  diem,  the  parallax  of  the  sun  comes  out 
"  1 1",52."    He  calculated  also  the  later  observations,  and  the  results  which  he  brought  out  from 
I  up  at  the  cod  of  the  | 


"  1721,  Oct.  14  and  15,  sun  s  parallax  0,3 

20.    11,5 

25.    10,2 


of  all 


31,0 
10.4 


Z  Z 
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1722,  June  11.  12h.  22"  45"  the  2d  sat.  of  Jupiter  began  to  emerge  in  123  f.  glass;  a 
very  exact  obs. 

98  15"  the  2d  sat.  seen  emerging  in  the  15  f.  tube. 
The  air  was  serene  and  quiet,  aud  Jupiter  appeared  very  distinct  and  well. 

14.    9h.  45'  0"  the  shade  of  the  3d  sat.  of  Jupiter  all  within  the  limb 

coming  on. 

50'  0"  the  4th  sat.  of  Jupiter  in  conjunction  with  Jupiter  (in  apog.) 
lOh.  45    0"  the  1st  sat.  began  to  emerge  in  the  Hugenian  glass,  and 
was  seen  at  the  same  time  by  Mr.  Hadley's  reflecting  telescope,  [7]  a  very  exact  ob- 
servation: the  air  being  serene  and  quiet. 

lib.  4C  0"  the  shade  of  the  3d  sat.  in  contact  with  Jupiter's  limb 
going  off:  the  air  was  now  very  uneonstant,  and  Jupiter  s  limb  did  not  appear  well 
defined  by  reason  of  the  undulation  of  the  vapours,  so  that  this  last  observation  is  not 
much  to  be  dej>ended  on. 

19.  the  greatest  diameter  of  Saturn's  ring  12 j  rev. ;  the  least  5  J J  rev. 
July   7.  lOh.  59'  28"  the  1st  sat.  began  to  emerge  in  the  reflecting  telescope, 
and  18"  after  it  was  seen  in  the  15  foot  telescope.    At  the  time  of  the  emersion  Jupiter 
was  low,  and  did  not  appear  well  by  reason  of  the  vapours,  but  the  observation  is  suffi- 
ciently exact.  [8] 

12.  9h.  30*  0"  the  difference  of  right  asc.  between  Jupiter  and  x  of 
Libra,  observed  by  the  chronometer,  was  10*  35  "\  sidereal  time=2°  38  52'  right  asc. ; 
the  difference  of  declination  by  the  micrometer  18J°.  =  8  34',  Jupiter  being  more 
northerly  and  cast:  than  the  star. 

23.  9h.  19'  10"  the  first  sat.  of  Jupiter  began  to  emerge  in  the  154,  tube, 
and  was  seen  emerging  at  the  same  time  in  the  reflector.  A  very  exact  observation,  the 
air  being  serene  and  quiet. 

Aug.  21.  7h.  30'  the  diff.  of  right  asc.  between  Jupiter  and  0  Seorpii  3'  26" 
time =53'  30";  the  diff.  of  declin.  by  the  mierometer,  corrected  by  refract.  33re\vJ£  = 
15'  40".  [7]  Jupiter  was  more  south:  and  west:  from  the  star,  which  is  the  same  he  was 
observed  from  May  27.  Hence  the  right  asc  of  Jupiter  is  236s  28"  5";  declin.  s, 
19°  16  40". 

Oct.  1.  A  line  through  the  double  star  a  of  Gemini  was  parallel  to  another 
drawn  through  p  and  x.    The  southernmost  star  is  brightest. 

7.    5h.  48'  difference  of  declin.  between  Jupiter  and  »  Seorpii  3  rev.  $| 
=  1'  39',  Jupiter  more  southerly  than  the  star. 
Distance  between  Jupiter  and  m  32  rev.  ^  =  14'  51",  Jupiter  more  easterly.  [6] 

Dec.  27.  5h.  the  distance  between  the  horns  of  Venus  was  observed  29  rev.= 
57,8  in  a  telescope  of  2124,  f. — m.  diam.  19",04. 

1723,  April  16.  14h.  28'$  the  2d  sat.  of  Jupiter  immcrged  by  the  reflector.  The 
air  was  hazy,  and  Jupiter  low,  but  the  observation,  I  believe,  may  be  depended  upon 
within  the  minute. 
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1728,  April  14.  15h.  (f  Jupiter  was  distant  from  the  westcrmost  of  two  stars  in  the 
eye  of  Sagittarius  47  rev.  0=21'  43",  and  more  north  8  rev.  4:;  =4'  8";  nit.  of  Jupiter 
13° ;  par.  t  12°;  at  the  same  time  Jupiter  was  about  the  breadth  of  the  thread,  or  4"  to 
the  southward  of  the  following  of  the  two  stars. 

April  23.  14h.  54'  5"  the  1st  sat.  of  Jupiter  immerged  by  the  reflector;  the 
air  was  pretty  clear:  the  sat.  appeared  much  smaller  than  the  2d  which  was  on  the 
same  side  of  Jupiter,  about  a  diameter  of  Jupiter  from  the  1st. 

June  1.  llh.  the  2d,  3d,  and  4th  sat.  of  Saturn  were  seen  through  Mr.  Had- 
ley's  reflector.  In  appearance  the  2d  was  eastward  of  Saturn,  and  almost  in  a  line  with 
the  ansa?;  the  3d  to  the  westward  of  Saturn,  and  below  the  line  of  the  ansae;  the  inner- 
most was  not  seen,  but  the  2d  and  3d  might  be  seen  even  when  Saturn  was  in  the  glass 
at  the  same  time.    The  moon  shined  very  bright,  t>eing  about  9  days  old. 

lOh.  30"  40"  the  4th  sat.  of  Jupiter  immerged  by  the  15  f.  glass, 
the  air  serene  and  good.  [6] 

13h.  IT  55"  the  1st  sat.  immerged  [6]  in  the  15  f.  glass.  Jupiter 
appeared  exceeding  distinct  and  well. 

July   7.   llh.   9*  15"  the  2d  sat.  of  Jupiter  emerged  [7]  in  the  15  f.  glass. 
Sept.  2.     7h.  58'   0"  the  2d  sat.  emerged  in  the  15  f.  tube. 
Oct.  21.     5h.  52'  45"  the  1st  sat.  emerged  in  the  15  f.  tube. 

29.  2h.  25'  35"  mean  time,  about  half  of  Mercury  was  entered  on  the 
sun's  disc,  seen  in  the  15  f.  tube. 

26"  45"  m.  t.  or  at  2h.  42"  39"  ap.  t.  was  the  total  immersion  of 
Mercury  seen  in  the  Hugenian  telescope. 

The  diameter  of  Mercury  observed  in  that  telescope  while  he  was  on  the  sun's  disc, 
was  by  the  micrometer  3  rev. =  1 0 "f 

33'   4"  the  diff.  of  declin.  between  the  south  limb  of  Mercury 

and  the  south  limb  of  the  sun  33  rev.  ,40  =  15'  19" 

48  38"  the  same  repeated  34       iJ  =  15'50" 
Sh.  412"    35  =  16"30"  " 

30.  5h.   4'  30"  the  4th  sat.  immerged  in  15  f.  glass.  Twilight  strong. 
1724,  March  19.  16h.  25'  Jupiter  had  exactly  the  same  declination  with  the  19th  star 

of  Capricorn  in  the  Brit.  Cat.  and  preceded  it  in  right  asc.  1' 6"£  by  the  clock  = 
16"  39  ".  [8] 

June  25.  llh.   0'  m.t.  Saturn  was  distant  from  a  small  star  in  the  15  f. 

tube   6rev.JJ=3'  3" 

Saturn  more  northerly  in  deel  0      t$=  11" 

26h.  10'  0"  Satum  was  distant  from  the  same  star   2      H  =  V  10" 

Saturn  more  south   0      f£a  8" 

11' 5"  Saturn  was  distant  from  the  star  in  the  123f.  telescope  23  rev. 

»  The  three  first  entries  on  the  2flt».  of  Oct.  are  written  by  Pound,  the  three  last  by  Bradley ; 
this  is  the  observation  referred  to  by  Halley,  Pb.  Tr.  vol.  XXXIII.  p.  22S». 

Zz2 


356 


MISCELLANEOUS 


T'T  =  1'  20",  and  had  then  exactly  the  same  altitude  with  the  star,  for  I  waited  till  I 
judged  that  the  line  passing  through  the  star  and  Saturn  was  parallel  to  the  horizon,  so 
that  this  observation  may  be  more  depended  on  than  those  made  with  the  shorter  tube. 
The  motion  of  Saturu  at  this  time  was  retrogade,  and  therefore  at  the  time  of  the  first 
observation  he  was  to  the  eastward,  and  the  night  following  to  the  west  of  the  star,  and 
was  in  conjunction  with  it  about  26  4h.  20',  when  Saturn's  centre  passed  about  2"  more 
southerly  than  the  star;  so  that  had  the  occultation  happened  in  the  night,  it  might  have 
been  a  proper  observation  for  determining  the  exact  diameter  of  Saturn,  &c. 

1724,  July  24.  llh.  31'  20"  m.  t.  the  4th  sat.  began  to  emerge  in  the  reflector.  [9] 
Sept.   7.    8h.  31'  10"  the  1st  sat.  began  to  emerge  in  the  reflector.  [8] 
27.    Tli.  5'  15"  the  2d  began  to  emerge  in  the  reflect.  [6] 

1725,  Observations  made  at  my  aunt  Pound's  house  in  Wansted  town,  which  is 
about  I'  45  =7'  time  more  east  than  the  observatory  at  Greenwich,  and 
5'  53"  more  northerly  than  the  observatory,  as  I  found  by 
measuring  the  distance, 

July  24.  141).  4<r  43"  m.  t  the  1st  sat.  of  Jupiter  immerged  in  the  reflect. 
(Mr.  Had.) 

Aug.  18.    9b.  27  25"  the  1st  sat.  of  Jupiter  immerged  by  an  8f.  reflect,  at 
Kew,  cliff,  mer.  1'  15". 

27.  9h.  15'  45"  the  2d  sat.  of  Jupiter  was  seen  emerging  very  near  the 
limb  of  Jupiter  in  the  reflector;  the  satellite  came  out  nearer  to  Jupiter  tlian  I  expected, 
so  that  'tis  probable  I  might  have  seen  it  sooner  if  I  had  known  exactly  where  to  have 
looked. 

Sept.  16.   61).  55'  SO"  m.  t.  the  4th  sat.  of  Jupiter  immerged  in  Mr.  Hadley's 
reflector.  [7] 

lOh.  32*  40"  the  4th  sat.  of  Jupiter  emerged  in  the  reflect.  [7] 
The  satellite  appeared  very  small  both  before  it  immerged  and  after  the  emersion ; 
not  half  so  big  as  either  of  the  others,  which  probably  is  the  reason  why  the  duration 
was  so  long,  it  being  18'  longer  than  it  ought  by  the  Tables.  The  middle  of  the  eclipse 
agrees  within  2"£  with  the  Tables.  There  was  a  little  haziness  about  Jupiter  at  the  time 
of  the  emersion,  but  not  so  much  as  to  occasion  much  difference  in  the  time  of  seeing 
the  satellite,  so  that  the  observation  may  be  depended  upon  within  the  minute,  it  being 
made  with  all  the  care  and  caution  I  could,  because  I  thought  that  I  had  mistaken  20 
in  the  calculation. 

Sept.  17.  13h.  48'  40'  m.  t.  the  1st  sat.  of  Jupiter  emerged  in  Mr. 
Hadley's  reflector.  [6] 

'  In  the  library  of  the  observatory  at  Greenwich  there  is  a  paper  book,  in  which  Bradley  has 
entered  these  quantities,  about  1750.  a  little  more  minutely;  he  there  makes  the  difference  of 
lima  6 ",85,  and  the  difference  of  latitude  5'  51'*. 
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1725,  Oct.  3.    12h.  7  20"  the  l»t  sat.  of  Jupiter  emerged  in  Mr.  Hadley's 
reflector.  [C] 

5.     6h.  35'  48"  the  1st  sat.  of  Jupiter  emerged  in  Mr.  Hadley's 

r.  [61 

llh.  44'  50"  the  2d  sat.  of  Jupiter  emerged  in  Mr.  Hadley's 

r.  [8] 

10.    Moon  eclipsed  total.    Clouds  hindered  me  from  seeing  the 
till  after  her  emersion  out  of  total  darkness,  but 

7h.  38  20"  m.  t.  1  observed  the  enlightened  part  in  15f.  glass 

15  rev.  ^  =  7  10". 

41'  20"  I  observed  the  same  again  17  rev.  J*  =8  5". 
By  the  first  of  these  observations  the  emersion  was  at  7h.  25'  40" 

by  the  second  7h.  26"  50" 

eq.  t.  +  15'20" 

23.  6h.  21'  10"  the  2d  sat.  of  Jupiter  seen  emerging  in  the  15  f. 
tube  through  a  thin  cloud,  so  tliat  probably  it  might  have  been  seen  4  minute  sooner  if 
the  air  had  been  clear. 

Nov.  27.     9h.   2*  45"  the  1st  sat.  of  Jupiter  emerged  in  15  f.  glass  [6] 
air  a  little  hazy. 

1726,  Jan.   5.     6b.  38  30"  mean  time,  the  3d  sat.  of  Jupiter  began  to  emerge 
in  15  f.  tube.  [9] 

7h.  38  55"  the  1st  sat.  of  Jupiter  began  to  emerge  in  15f. 

tube.  [7] 

An  occtiltation  of  Mars  by  the  moon  observed. 

7.     7h.  20  IT' m.  t.  the  first  contact  of  the  limb  of  trie  moon  and  Mars. 
20*  42"  Mars  wholly  hid. 
8h.  14'  15"  Mars  was  emerged  from  Iwhind  the  moon,  and  its  nearest  limb 
was  about  one  of  his  diameters  from  the  moon's  limb;  so  that  it  was  wholly  separated 
from  the  moon  at  about  8h  13"  50".    But  the  exact  time  of  its  emerging  I  did  not  ob- 
serve by  reason  of  clouds. 

8b,  23'  25"  diff.  declin.  of  Mars  and  moon's  northern  limb  15  rev.  >  *  =  T  20" 

81'  45"  the  same  repeated  13       H  =  G  U" 

35'  1(T  the  same   12       X=5'  43" 

38  35"  the  same,  Mars  more  southerly  than  moon's 

limb   11       i*=5- 15" 

9h.  25"  0'  the  moon's  diameter  73,0rcv.=33'  44";  alt.  39°  z  37». 
15.    8h.  22'  0"  Mars  preceded  £  Cancri  14'  21"}  in  m.  t.  =  3°  36"  0'  right  asc. 
and  was  more  southerly  than  £  Orev.^J  in  7f.  tube=48'  [7]  Mars  was  this  day  in 
opposition  to  the  sun. 

Mem.  the  diff.  of  decl.  was  taken  with  the  same  thread. 
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1726,  Aug.  5.  14h.  40"  50'  m.  t.  the  1st  sat.  of  Jupiter  immerged  in  Mr.  Hadlcy's 
reflec.:  the  air  was  very  serene,  and  Jupiter  appeared  very  distinct,  and  the  observa- 
tion was  very  good.  [8] 

14.  lib.  12'  5"  the  1st  sat.  of  Jupiter  immerged  in  Mr.  Hadlcy's  reflec : 
[7]  air  very  good. 

15.  lOh.  56'  85"  I  saw  the  3rd  sat.  emerging  in  a  14  f.  tube  at  Green- 
wich, air  very  g<xid,  and  observation  good.  [7] 

22.  12h.  33'  5"  m.  t.  the  3d  sat.  of  Jupiter  immerged  in  Mr.  Hadley's 

reflec. 

14h.  55'  20"  the  3d  sat.  of  Jupiter  began  to  emerge  in  the  reflector : 
the  air  very  good,  and  the  observation  exact;  the  satellite  being  seen,  when  it  appeared, 
exceeding  small,  and  Jupiter  appearing  very  distinct  and  well  defined.  [7] 

28.  8h.  5$  20"  the  2d  sat.  of  Jupiter  immerged  in  the  refl.  Jupiter 
being  low.  [5] 

15h.  0"  5"  the  1st  Bat.  of  Jupiter  immerged  in  refl. :  air  very  good.  [5] 
Aug.   29.  16h.  35'  30"  the  3d  sat.  of  Jupiter  immerged  in  the  ref. :  air  very 
good  [7]  a  small  twilight. 

Sept.  2.  lOh.  15'  0"  mean  time,  Jupiter  preceded  o  in  lino  boreo  Piscium  50"} 
in  time=12'  40"  in  right  ascension,  and  his  centre  was  1  rev.  |S=0  50"  more  southerly 
than  the  star.  This  observation  was  made  with  the  15  f.  tube,  with  great  care  and 
exactness,  and  may  be  depended  upon ;  the  difT.  of  declination  being  taken  by  the  same 
thread,  and  therefore  not  depending  on  the  threads  being  truly  adjusted  to  the  begin- 
ning of  the  divisions. 

11.  14h.  &  O'  the  2d  sat.  of  Jupiter  was  immerged.  I  saw  it  4'  before 
this,  but  the  exact  time  of  the  immersion  could  not  be  observed  for  clouds. 

12.  12h.  10  0'  Jupiter  preceded  a  small  telescopic  star  l"\  in  time,  or 
20'  in  right  asc.,  and  his  centre  was  more  south:  than  the  star  2  rev.  44=1'  15".  The 
next  night  at  10b.  40*  m.  t.  Jupiter  preceded  the  star  26"$  in  time,  and  was  more 
southerly  8  ^9=*3'  47" ;  this  diff.  decl.  was  taken  by  the  same  thread. 

[8]  Hence  Jupiter  had  exactly  the  same  right  ascension  as  the  star,  Sept.  12.  llh.  0' 
m.  t.  being  then  1'  7"  more  southerly  than  the  star ;  I  take  this  deduction  to  be  very  exact. 

13.  18h.  17'  10' m.  t.  the  1st  sat.  of  Jupiter  immerged  by  the  reflector, 
[6]  a  very  good  observation  ;  Jupiter  appearing  distinct.  At  the  time  of  die  immersion, 
the  2d  sat.  appeared  equally  distant  from  Jupiter,  but  was  really  more  southerly,  near  a 
scmidiameter  of  Jupiter. 

An  eclipse  of  the  sun  observed  at  Wansted,  Sept.  14,  1726,  in  a  15  f.  tube. 

14.  3h.  4T  m.  t.  the  sun's  diameter  between  the  threads  lying  parallel 
to  the  apparent  motion  of  the  sun  69  rev.  /B=8T  56'.  This  observation  corrected,  by 
allowing  for  refraction,  makes  the  sun's  diameter  32'  O',  that  is,  7"  or  8"  less  than 
Dr.  H.'s  Tables ;  by  another  observation  taken  about  ±  hour  after  this,  the  sun's  diameter 
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was  10"  or  12"  less  than  the  Tables.  After  this,  I  set  the  threads  of  the  micrometer  so 
as  to  make  an  angle  with  a  verticle  circle  of  57°,  by  which  means  I  knew  exactly  on 
which  part  of  the  sun's  limb  the  eclipse  would  begin,  and  keeping  my  eye  on  that  part,  I 
perceived  the  first  contact  of  the  moon's  and  sun's  limbs,  or  the  beginning  of  the  eclipse. 


1726,  Sept.  14.   4h.  1*  27"  beginning.  [8] 

15*  20"  the  chord  between  the  horns  19  rev.  £f .  ff  57" 

Iff  30"  the  same  repeated  22      *•  =  10"  35" 

17  30"  the  same  25      ±4  =  11'  43" 


19  10'  the  moon's  limb  touched  the  middle  of  the  first  spot  in 
the  sun.  [5] 

20'  29"  the  moon's  limb  touched  the  middle  of  the  second  or 

biggest  spot.  [5] 

21'  56"  the  chord  between  the  horns   33  rev.  £5  =  15'  41" 

22"  57"  the  moon's  limb  touched  the  middle  of  the  third  spot.  [6] 
23'  6"  the  moon's  limb  touched  the  middle  of  the  fourth  and 

last  spot.  [6] 

24'  40"  the.chord  between  the  horns  37  rev.  j 1  =  IT  31" 

26-  IT'  the  same  repeated  39       &  =  Iff  24" 

2ff  27"  the  same  43      $j =2ff  11" 

31'  42"  the  same  45      U=2V  11" 

34'  30"  the  same  repeated   47rev.  i»  =  21'  54" 

then  cloudy  weather. 
4ff  0"  the  enlightened  part  of  the  sun's 

diameter  39      |J  =  lff23" 

4ff  45"  the  same  repeated   38      H  =  IT  25" 

54'  10"  the  same  36      ^=16'  50" 

5T   T' the  same  repeated  [5]   35      ^  =  \(j  16" 

Then  clouds  and  trees  prevented  me  from  making  any  more  observations,  the  sun 
setting  behind  clouds. 

15.      7h.  4ff  20"  the  1st  sat  of  Jupiter  immcrged  by  the  refl.  Jupiter 
was  low  and  did  not  appear  well,  but  I  believe  the  observation  is  pretty  good.  [5] 

30.  Sun's  alt.  31°J ;  sun's  diam.  equat.  69  rev.      the  outside  of  the  threads. 
By  the  mean  of  23  observations  of  the  sun's  diameter,  the  biggest  2  10":.  least  2  9"{, 
the  mean  of  all  was  2  9"J£;  the  timekeeper  gains  2 '4,  in  IT  mean  time  of  m.  t 

By  this  day's  observation,  the  diameter  of  the  sun,  corrected  by  refraction,  was  by  the 
micrometer  32  8". 

By  the  timekeejKT,  the  sun's  diameter  passed  in  2/  ff'JJ,  that  is,  in  mean  time 
2'  9"i|=32'  22',8  in  the  parallel  of  declination.  Hence  the  sun's  true  diameter  was 
32  8". 

Oct.  1.  The  mean  of  all  taken  this  day  with  the  micrometer  is  69  rev.  |'  = 
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32  6",  to  which  adding  2"  for  refraction,  then  the  true  diameter  is  82"  8",  exactly  agree- 
ing with  the  mean  of  all  taken  by  the  chronometer11. 

1726,  Oct.  8.  lOh.  5'  80"  m.  t.  the  1st  sat.  of  Jupiter  emerged  in  the  refl.:  this  ob- 
servation is  not  so  exact  as  might  be  wished,  but  I  believe  may  be  safely  depended  on 
to  $  of  a  minute. 

Nov.  23.  lOh.  32*  45"  the  1st  sat.  emerged  in  die  15f.  tube ;  it  was  coming  out 
before  I  came  to  the  glass,  which  was  33'  10"  mean  time ;  but  from  its  smailness,  and 
the  nearness  of  the  moon,  I  judge  the  true  emersion  was  25"  or  30"  sooner  than  I  saw  it. 

25.  5h.  1'  10"  the  1st  sat.  of  Jupiter  began  to  emerge  in  the  15f.  tube ; 
[10]  very  good. 

8h.  21'  0"  the  2d  sat.  of  Jupiter  l*gan  to  emerge  in  15f.  tube,  [8J 
there  were  flying  clouds,  but  at  the  time  of  the  emersion  Jupiter  appeared  very  bright 
and  well. 

Dec.  2.  6h.  56"  20"  the  1st  sat.  began  to  emerge  in  15f.  tube,  being  seen 
when  it  appeared  exceeding  Bmall ;  a  very  exact  observation.  [10] 

lOh.  59'  10"  the  2d  sat.  began  to  emerge  in  15f.  tube ;  a  very  exact 
observation,  Jupiter  ap|>caring  very  distinct,  Sec.  [8] 

15.  7h.  11'  10"  the  3d  sat.  of  Jupiter  began  to  emerge  in  the  15f.  tube : 
the  air  was  serene,  and  the  observation  very  good.  [7] 

25.  7h.  11'  40"  the  1st  sat.  of  Jupiter  began  to  emerge  in  the  15f.  tube, 
being  first  seen  when  it  appeared  very  small.  Jupiter  appeared  distinct  and  well,  and 
the  observation  is  very  exact.  [8] 

1727,  Jan.  1.  9h.  7  20'  the  1st  sat.  of  Jupiter  began  to  emerge  in  the  15f.  tube; 
air  clear,  and  the  observation  very  exact.  [10] 

■  There  were  9  measures  taken  with  the  micrometer  about  noon. 

The  observations  of  the  time  which  the  sun  took  up  in  passing  the  wire  of  the  micrometer 
were  more  numerous,  and  their  general  results  as  follow  : 

8h.  30  to  lOh.  44'  aperture  2  inches;  33  observations  with  3  inch  evcglass :  extremes 
2-  »"t  and  2'  10"$. 

lOh.  52' to  llh.   1'    4  obs.  with  4£  inch  eyeglass:  extremes  2- 9"} 

and  2  10"f 

"  Tie  mean  of  all  these  is  ?  lOW ;  hence  the  sun  s  true  diameter  Sf  10"$." 

Oh.  41'  to  Oh.  59"  3  inch  eyeglass  7  obs.  with  a  small  aperture:  extremes  2"  9"$  and 

2'  10'. 

Ih.   5'  to  lh.  20'    5  obs.  with  1,4  inch  aperture:  extremes  <H  9"!  and 

2"  10". 

"  The  mean  of  these  is  2'  9"$ ;  hence  the  sun's  diameter  is  32'  6"." 

lh.  27'  to  lh.  45"    7  obs.  with  2  inch  aperture:  extremes  2"  V\  and 

2-  10'*. 

"  The  mean  2*  9"H ;  hence  the  sun's  diameter  32*  8 "\. 
"  Chronometer  gains  of  mean  time  2"t't  in  17'." 


Digitized  by  Google 


ASTRONOMICAL  OBSERVATIONS. 


361 


1727,  Jan.  8.  lOh.  5*'  5"  the  2d  sat.  of  Jupiter  began  to  emerge  in  the  15f.  tube ; 
air  clear,  but  Jupiter  pretty  low ;  observ.  good.  [7] 

10.    5h.  31'  85"  emersion  of  the  1st  sat.  of  Jupiter ;  a  small  twilight,  but 
I  befirra  the  observation  is  pretty  good.  [6] 

Feb.  9.  7h.  43'  10"  the  1st  sat.  began  to  emerge  in  the  15f.  tube;  air  clear, 
and  the  observation  very  good.  [7] 

16.  10h.$  a  nebulos:  about  4°  to  the  south  of  Sinus  contiguous  to  a 

small  star. 

Another  near  the  middle  of  an  isosceles  triangle  formed  by  three  stars,  the  brightest 
and  northermost  has  two  small  ones  contiguous,  being  in  a  line  with  it,  the  equal  and 
longest  sides  of  the  triangle  are  about  54-  The  stars  lie  almost  in  the  midway  between 
Procyon  and  Cor  Ilydne. 

April  15.  I  took  the  sun's  diameter  with  the  micrometer  in  the  15f.  tube, 
and  found  it  68rev.  J£=31'  45",7,  to  which  add  0,8  for  refraction,  and  then  the  true 
diameter  was  31'  46",5 :  hence  the  mean  diameter  is  32*  1"  exact. 

July  2.  Hh.  24'  20"  the  1st  sat  of  Jupiter  immerged  in  the  15f.  tube,  a  small 
twilight  and  moon :  observ.  good.  [5] 

Aug.  4.  14h.  Iff  10"  the  2d  sat  of  Jupiter  immerged  in  the  15f.  tube:  ob- 
servation very  good.  [6] 

10.  12h.  52'  35"  the  1st  sat  of  Jupiter  immerged  in  the  15f.  tube:  obser. 
very  good.  [5] 

Sept.  4.  mane..    An  eclipse  of  the  sun  observed  in  part. 

8.  18b.  IT  0"  mean  time,  the  eclipse  was  begun,  when  I  first  looked  at 

the  sun. 


20  40"  the  chord  between 

the  hoi 

ms  20rev.{J-  9' 37",5 

iS=10  51",7 

iS=12-19",0 

24'  20"  the  same  

59",2 

;S=H'  3",o 

then  clouds  till 

33'  30"  the  same  repeated 

 38 

iJ=lT  45",5 

0=18'  29",2 

 41 

0=18"  56",9 

About  this  time  the  line  of  the  horns 

was  vertical. 

40'  80"  the  chord  between 

the  hoi 

ras  42 

i$«igr  4S-.5 

»J=20-  9",7 

 45 

^  =  2C  54",7 

^=21'  10',7 

0=21'  15",6 

eq.  temp. +  4'  46" 

3  A 
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Then  clouds  wholly  intercepted  the  sight  of  the  sun  till  the  eclipse  was  ended. 

1727,  Oct.  20.  7h.  52*  15"  the  1st  sat.  of  Jupiter  immerged  in  the  15f.  tube,  [6] 
moon  very  bright  and  near  Jupiter. 

Dec.  5.  lOh.  24'  15"  the  1st  sat.  of  Jupiter  began  to  emerge  in  the  refl.  poj 
good  observ. 

21.    7h.  4tf  50"  m.  t.  the  2d  sat.  emerg.  in  the  refl.  [7] 
8h.  43-  0"  the  1st  sat.  emerged  in  the  refl.  [9] 

1728,  Feb.  5.  9h.  11'  55"  the  1st  sat.  of  Jupiter  emerged  in  the  15f.  tube,  [9]  air 
very  clear. 

18.    8h.  16"  0"  the  3d  sat.  of  Jupiter  emerged  in  the  15f.  tube.  [7] 
March  22.    9h.'  42"  0"  the  1st  sat.  of  Jupiter  emerged  in  15f.  tube.  [8] 
Aug.  12.  16h.  14'  30"  the  1st  sat.  of  Jupiter  immerged  in  15f.  tube,  [7]  a 
strong  twilight  and  moon. 

Oct.  15.    9h.  19'  20"  the  1st  sat  of  Jupiter  immerged  in  the  15f.  tube,  [9]  a 
good  observation. 

1729,  Jan.  24.  8h.  40"  40"  the  1st  sat.  of  Jupiter  emer.  in  Mr.  Hadley's  refl. 
[H]  v.  g. 

27.    8h.  49"  20"  the  3d  sat.  of  Jupiter  emerg.  in  Mr.  Hadley's  refl.  [8] 

A  total  cclip^  of  the  moon  observed  at  Wansted,  Feb.  2, 1729. 

Feb.   2.    7h.  0'  0"  m.  t.  the  moon's  diameter   69  rev.  i° =32'  0"  [8] 

7  50"  the  eclipse  begun. 
10'  50"  the  shade  at  the  middle  of  Grimalduit. 
12'  50"  the  chord  between  the  horns  ...31  rev.  |g=14'  46" 

14' 25"  the  same  repeated   34      ,«5  =  15,4T' 

IT  25"  the  same   43      ^  =  20*  3" 

ltf  55"  the  shade  on  Kepler. 

36"  53"  the  first  edge  of  Tycho  in  the  shade. 

37'  43"  the  middle  of  Tycho,  and  the  first  edge  of  Plato. 

38'  33"  Tycho  all  in,  and  the  first  edge  of  Plato. 

3ff  13"  the  middle  of  Plato. 

39'  53"  Tlato  all  in. 

44'  23"  middle  of  Manilius. 

47'  23"  Menelaus. 

48'  23"  Dionysius. 

51'  3"Plimus. 

54'$      moon's  diameter   69rev.i?=32'  0" 

57  45"  the  chord  58      i£=27  13" 

8h.   0"  45"  the  same   52      fj  =  24'  9" 

2' 23"  the  same   47      ^  =  21' 58" 

4'   3"  the  same   39  rev.  ^=18'  18" 
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1729,  Feb.  2.    8h.   7  23"  total  immersion  of  the  moon  into  the  shadow. 

36*  33"  the  northcrmost  and  brightest  star  immerged. 

9h.  53-  20"  the  chord    44      iS=20  31"  dub. 

55' 55"  the  same   54      ^,=25'  1" 

lOh.   9/  23"  the  bright  part  of  the  moon's 

diameter   15      ||=  7  23" 

&  53"  the  same;  cloudy  20      £f=  9'  32" 

IV  40"  the  same   26      A=l*'  4" 

IS*  50"  the  same   28  59" 

47  57  50"  the  end  to  the  naked  eye,  dubious. 
The  equation  of  time  is  14'  47'  to  be  subtracted  from  mean  time. 

A  total  eclipse  of  the  moon  observed  at  Wansted,  July  28,  1729,  in  15f.  tube. 

lOh.  50  0"  mean  time,  the  moon's  diameter  69  rev.  ±* =8*  3". 
Moon  alt.  =  20°  z  11'*  paral. 

llh.  16*  20"  the  eclipse  began. 

21'  O'  the  chord  between  the  horns  ...35  rev.  H=16v  35" 
'£V  30"  Galilcus  in  the  shade. 

26"  0"  the  chord  between  the  horns  ...44      J?  =  20*  34" 

27  0"  the  same  repeated  47      li=9£t  3" 

9SS  0"  the  same   50      U  =  9S  W 

56*  35"  the  bright  part  of  the  moon's 

diameter  20        0=  9' 15" 

12h.   V  0"  the  same  repeated   15        0=  &  56" 

3' 30"  the  same   12      }l=  5' 47' 

5'  45"  the  same   10        0=  4'  37' 

«  45"  the  same    7  3'  28" 

1C  45"  the  same    5       0=  9!  19" 

13'  15"  the  same  repeated    2  1'  9" 

15'  35"  the  total  immersion  of  the  moon  into  the  earth's  shadow, 
lh.  54'  45"  the  moon  began  to  emerge. 

57  45"  the  bright  part  of  the  moon's 


»0  

IB  — 

1'  9" 

0= 

9!  19" 

2h.   1'  35"  the  same   

iS= 

3'28" 

0= 

4' 37 

1  o  

Jo- 

5' 47' 

7  55"  the  same   

0= 

6' 56" 

12*  45"  the  same,  very  faint,  cloudy 

...20 

0= 

9'  15" 

So    0"  circ.  the  eclipse  ended,  or  sooner,  end  dubious. 
By  the  observations  of  the  enlightened  part  of  the  moon's  diameter  before  and  after 

3  a  2 
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the  total  immersion,  the  total  immersion  happened  at  \5%  and  the  emersion  at  53% 
the  middle  at  13h.  5'i  mean  time,  or  18h.  ff  15"  app.  time;  the  equation  of  time  being 
5'  0"  to  be  subtracted  from  mean  time. 

1729,  Aug.  24.  15h.  4ff  5"  m.  t.  the  1st  sat  of  Jupiter  immerged  in  15f.  tube. 

30.  15h.  37  10"  the  2d  sat.  of  Jupiter  immerged  in  the  15f.  tube. 
Oct.    2.  14h.  12/  20"  the  1st  sat.  of  Jupiter  immerged  in  15f.  tube.  [8] 
Dec.    8.  13h.  15'  30"  the  3d  sat.  of  Jupiter  immerged  in  Mr.  Hadley's  re- 
flector, it  was  observed  till  it  appeared  exceeding  small ;  allowance  must  be  therefore 
made  for  the  telesco|>e.  Jupiter  appeared  distinct  and  well. 

12.    9h.   9*   0"  the  1st  sat.  of  Jupiter  immerged  in  the  refl.  air  some- 
what hazy  and  cloudy  ;  but  I  believe  the  observation  cannot  err  much. 

1730,  Feb.  21.    6h.  29  25"  the  1st  sat.  of  Jupiter  emerged  by  the  refl.  [9] 

Aug.  25.  11  h.  I  looked  at  Saturn  through  my  reflector,  and  found  that  his 
ring  was  become  visible  again,  it  having  disappeared  when  I  last  saw  him,  which  was 
about  a  month  ago.  It  now  appears  like  a  line,  but  somewhat  brighter  and  broader 
toward*  the  ends  than  near  the  body.  I  saw  three  satellites,  two  to  the  west,  which  by 
their  size  and  distance  I  judge  must  be  the  2d  and  1st,  and  appeared  nearly  in  the 
line  of  the  ansa?;  the  Hugenian  satellite  wan  to  the  east,  likewise  in  the  line  of  the 

Dec.  9.  lib.  5'  15"  m.  t.  the  4th  sat.  of  Jupiter  immerged  by  the  lof.  tube. 
The  satellite  appeared  very  small  when  I  first  looked  at  it,  which  was  before  it  could 
touch  the  shadow,  and  Jupiter  was  but  about  an  hour  high ;  so  that  'lis  probable  the 
immersion  would  have  been  somewhat  later  if  it  had  not  been  for  those  accidents. 

15h.  31'  15"  the  4th  sat.  was  seen  emerging  in  the  15f.  tube,  very 
small ;  Jupiter  appearing  very  bright  and  distinct. 

15.  12h.   T  35"  the  1st  sat.  of  Jupiter  immerged  in  15f.  tube.  [10] 
30.  12h.   2*  30"  the  3d  sat.  of  Jupiter  was  immerged  in  15f.  tube;  I 
saw  it  diminishing  a  little  before,  but  while  I  was  getting  ready  the  reflecting  telescope, 
it  immerged.    The  time  here  set  down,  cannot,  I  believe,  differ  a  minute  from  the  true 
immersion  in  the  15f.  tube. 

The  2d  sat.  was  a  little  nearer  Jupiter  than  the  3d,  so  that  I  could  but  just  distin- 
guish them  in  the  15f.  tube,  for  which  reason  the  immersion  might  happen  somewhat 
sooner  than  otherwise  it  would. 

12h.  43'  0"  the  2d  sat.  of  Jupiter  immerged  by  15f.  tube,  very  exact 
[8] :  this  satellite  appeared  rather  brighter  than  usual  before  the  immersion,  seeming  as 
bright  as  the  1st,  which  was  about  the  same  distance  from  Jupiter,  but  on  the  other 
side. 

1731,  Jan.  5.  17h.  48*  35"  the  1st  sat.  of  Jupiter  immerged  in  15f.  tube  [10]:  obs. 
v.  good;  Jupiter  very  bright. 

Feb.  6.  14h.  21'  25"  the  1st  sat.  of  Jupiter  immerged  in  the  reflector  [8]  :  the 
satellite  was  very  near  Jupiter's  limb,  for  which  reason  I  used  the  reflector. 
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1781,  April  11.  9h.  4#  25"  the  1st  sat.  of  Jupiter  emerged  by  the  I5f.  tube  [!)]: 
obs.  good. 

1732,  Jan.  10.  15h.  9'  50"  the  1st  sat.  of  Jupiter  immerged  by  15f.  tube.  [7] 
April  13.  12h.  31'  50"  the  1st  sat.  of  Jupiter  emerged  by  15f.  tube.  [9] 

Observations  made  at  Oxford. 
June  13.    9h.  15'  mean  time,  n  Virginis  preceded  Jupiter  9"  of  time=?/|  in 
right  ascension,  and  was  8  rev.  H=4'  7"  more  northerly  than  Jupiter's  centre. 

14.  8h.  50"  m.  t.  r  Virginis  preceded  Jupiter  27'  of  time  =6'  46"  in 
right  ascension,  and  was  13  rev.  •  £  =  ft  18"  more  northerly  than  Jupiter's  centre.  Both 
these  olwervations  were  made  with  the  same  15f.  tube  and  micrometer  that  were  made 
use  of  in  the  forementioned  observations,  which  were  matle  at  Wansted  in  Essex. 

30.    9h.  32'  0"  m.  t.  the  1st  sat.  of  Jupiter  began  to  emerge  in  the 

15f.  tube.  [7] 

Dec.  6.    An  eclipse  of  the  sun  ol»erved  at  Oxford. 
Clouds  prevented  my  seeing  the  beginning. 

At  9h.  6"  0"  by  my  watch,  the  chord  between  the  horns  was  9  rev.  {J 
in  the  15f.  glass=4'20". 

At        7  30"    chord    10rev.T'  =  4' 50" 

11' 15"  11       H  =  &  30" 

14'  0"  12      ;j  =  5'43"  then  clouds. 

24' 30"   7      jj=3'35"  dubious.. 

26"  0"   6      ||=3'  2" 

2715")    .  , 
27  30"  J"  tht  cnd- 
The  watch  was  4'  50"  slower  than  the  clock  in  the  museum. 

Nov.  30.    Oh.  5'  37'  sun's  cent,  trans,  filum  axis. 
Dec.    1.-  Oh.  6"  12"  sun's  cent,  trans. 
2.    Oh.  6"  48"  sun's  cent,  trans. 
If  I  suppose  the  clock  to  go  regular,  the  sun's  centre  would  pass  the  meridian  axis  on 
Dec.  6,  at  9'  18";  but  the  axis  pointing  3'$  to  the  east  of  the  meridian,  the  sun  would 
be  on  the  meridian  13"  after  it  had  passed  the  axis  k,  therefore  at  noon,  Dec.  6,  the  clock 
in  the  museum  would  be  9*  26"  faster  than  apparent  time;  and  at  9h.  in  the  morning 
'twas  alwut  9  22"  too  fast  for  apparent  time,  but  my  watch  In-ing  4'  50"  slower  than 
the  clock,  the  watch  must  be  4'  32"  too  fast  for  app.  time. 

■  The  following  memorandum,  which  is  inserted  in  the  Oxford  observation  book,  will  account 
for  this  large  deviation  of  13".  "  1741,  Feb.  1/.  N.  B.  The  mark  by  which  the  transit  instru- 
"  ment  of  the  museum  is  adjusted,  is  the  easterniost  part  of  the  lower  ridge  of  the  roof  of  the 
•'  New  Church*,  (in  High-street,)  and  the  left  hand  side  of  the  middle  thread  being  brought 
"  just  to  appear  to  touch  the  said  point,  the  axis  has  been  found  by  several  trials  to  direct  the 
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By  the  next  day's  observation  it  appeared  that  the  watch  was  4'  34"$  too  faM  for 
app.  time. 

1732',  May  2.  Wotch  or  clock  too  slow  for  ap.  time  4'  40". 

Eclipse  of  the  sun. 

H.  /     ii  Re*. 

3  35     diameter  inside  68^     ,  „ 

+  4  43       5  35   Oin.  dist  30JJ=14  6 

37  0  cor.  chord   18i«=  8  30 

38  0  22  >  £  =  10  32 

39  20   dig.  1  27,'B  =  12  32 

41  0  81TlB  =  14  21 

42  20  34i»  =  15  55 

44  0  3744  =  17  32 

45  45  4044  =  1854 

50  30  pars  lucida  3  dig  49  4  i  =  23  2 

52  40  47^  =  22  12 

55  0  5  dig. 

59  30   6  dig  38  4  S 

6  2  0  30  44 

4  15  32  « 

+  4  42  5  0   7  dig. 

6  4  30  0 

10  0  8  dig. 

12  0  24 4» 

14  15  :  21  4 fr 

15  0  horns  vertical.  9  dig. 

16  0    20  a 

18  30  17« 

21  10  15 +» 

25  0  13  ^ 

28  0  124J=  5  52 

30  0  12+5=  5  48 

38  30  17  iS  cor.  par.  hor. 

46  30  25  H 

51  0  30 +j 

55  15  35fj 

57  20  38  44 

"  telescope  3'  10"  in  azimuth  to  the  east  of  the  meridian ;  so  that  an  object  in  the  equator  will 
"  pans  the  middle  thread  10"  in  time  before  it  comes  to  the  true  meridian.    Whence  mav  be 
"  found  the  allowance  for  an  object  whose  declination  is  given." 
1  1733. 
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55  1 

Q  5-  end  at   23^;  a  lira.  bor. 


t    «  H.    t     „  Kev, 

+  4  80      7  5  0  4744     ,  , 

910  chord  40^=18  54 

10  35  3744  =  17  82 

12  20  34  45  =  15  55 

13  45  31  ,'.  =  14  21 

14  45  27V*  =  1«! 

18  55 

+  4  40  to  the  19 
watch  gives  app.  time. 

1733,  Aug.  2.  8h.  41'  15"  app.  time,  the  3d  sat.  of  Jupiter  immerged  (at  Oxford) 
in  my  15f.  tube:  Jupiter  was  low,  but  appeared  pretty  well,  and  the  observation,  I 
think,  pretty  good,  and  may  at  least  be  depended  upon  within  the  minute. 

1736,  Sept.  23.  4h.  39"  5"  app.  time,  I  observed  the  beginning  of  the  eclipse  of  the 
sun  in  a  seven  foot  glass,  and  though  I  could  not  (by  reason  of  clouds)  make  any  farther 
observations,  yet  I  take  this  observation  to  be  pretty  exact,  so  as  to  be  depended  upon 
within  5". 

Oct.   7.    An  occultation  of  Mars  by  the  moon  observed  with  a  15f.  glass  at 

Oxford. 

14h.  11' 34"  app.  time,  diff.  of  decl.  between  the  centre  of  Mars 
and  the  south  limb  of  the  moon  was  22  rev.  T«„=  10'  16'. 

14' 34"  diff.  decl.  between  Mars  and  south  limb  of  moon 

90  rev.  its?  88". 

17  33"  Mars  touched  the  moon's  eastern  limb. 
18"  8"  the  centre  of  Mars  touched  the  moon's  limb. 
18*  41"  Mars  wholly  hid  by  the  moon ;  very  exactly  observed 
44'   0"  diam.  of  moon  inter  comua  64  rev.  \  %  =29'  57". 
15h.  9-  40"  Mars'  limb  appeared  from  behind  the  moon. 
10'  25"  Mars  was  wholly  out. 
At  the  time  of  the  emersion  'twas  hazy  weather;  at  the  time  of  the  emersion,  Mars 
was  2  rev.  44=1'  22"  more  north  than  the  moon's  south  limb;  diff.  declination  was 
1'  22"  at  15h.  1<TJ. 

1737,  Feb.  18.    Eclipse  of  the  sun. 

Subtract  15'  4T  from  the  time  of  the  watch  at  the  beginning  of  the  eclipse  gives 
ap.  time. 

II.   ,     «  Rwr. 

10  10  0  sun  s  diam  6944  Ins. 

2  34  30  beg. 

35  50  chord  14* 

37  40  ch  18+4 

42  40  ch  28  VI 
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By  the  next  day's  observation  it  appeared  that  the  watch  was  4'  S4"|  too  fa«t  for 
app.  time. 

1732',  May  8.  Watch  or  clock  too  slow  for  ap.  time  4'  40". 
Eclipac  of  the  sun. 

3  85     diameter  inside  68 1£     ,  „ 

+  4  43       5  35   Oin.  dist  S04J  =  14  6 

37  0  cor.  chord   18^^=  8  30 

38  0  22^=10  32 

39  20   dig.  1  27,'0  =  12  32 

41  0  31^  =  14  21 

42  20  34i'  =  15  55 

44  0  3744  =  17  32 

45  4.5  40  44=18  54 

50  SO  pars  lucida  3  dig  4944  =  23  2 

52  40  4744=2212 

55  0  5  dig. 

59  30  6  dig  38  44 

6  2  0  30  4S 

4  15  32« 

+  4  42  5  0  7  dig. 

6  4  30  0 

10  0  8  dig. 

12  0  244S 

14  15  :  214* 

15  0  horns  vertical.  9  dig. 

16  0  SOv, 

18  30  1744 

2110  15  «« 

25  0  13 

28  0  12  44=  5  52 

30  0  1244=  5  48 

38  30  17  i*  cor.  par.  hor. 

46  30  2544 

51  0  30  44 

55  15  35  4 1 

57  20  38  44 


•'  telescope  3'  10"  in  azimuth  to  the  east  of  the  meridian  ;  so  that  an  object  in  the  equator  will 
"  pass  the  middle  thread  10"  in  lime  before  it  comes  to  the  true  meridian.    Whence  may  be 
"  found  the  allowance  for  an  object  whose  declination  is  given."' 
1  1733. 
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t    *  H.    ,     H  Rev. 

+  430       7  5  0  *7 «     ,  „ 

9  10  chord  40^4  =  18  54 

10  35  37  ,{5  =  17  32 

12  20  34  i?  =  15  55 

13  45  31,v=14  21 

14  45  27Tv  =  12  32 

...      .     !«^lcndat   23  4*  a  lira,  bor. 

+  4  40  to  the   19  Oj 

gives  app.  time. 

1733,  Aug.  2.  8h.  41'  15"  app.  time,  the  3(1  sat.  of  Jupiter  immerged  (at  Oxford) 
in  my  15f.  tube:  Jupiter  was  low,  but  appeared  pretty  well,  and  the  observation,  I 
think,  pretty  good,  and  may  at  least  be  depended  upon  within  the  minute. 

1736,  Sept.  23.  4h.  39  5"  app.  time,  I  observed  the  beginning  of  the  eclipse  of  the 
sun  in  a  seven  foot  glass,  and  though  I  could  not  (by  reason  of  clouds)  make  any  farther 
observations,  yet  I  take  this  observation  to  be  pretty  exact,  so  as  to  be  depended  u|»n 
within  5". 

Oct.   7.    An  occultation  of  Mars  by  the  moon  observed  with  a  15f.  glass  at 

Oxford. 

14h.  11'  34"  app.  time,  diff.  of  decl.  between  the  centre  of  Mars 
and  the  south  limb  of  the  moon  was  22  rev.  v„  =  10'  16". 

14'  34"  diff.  decl.  between  Mars  and  south  limb  of  moon 

20a-v.^  =  9'38". 

17  33"  Mars  touched  the  moon's  eastern  limb, 
is    8"  the  centre  of  Mars  touched  the  moon's  limb. 
18'  41"  Mars  wholly  hid  by  the  moon ;  very  exactly  observed. 
44'  0"  diani.  of  moon  inter  cornua  64  rev.  44=29'  57'. 
15h.  9-  40"  Mars'  limb  appeared  from  behind  the  moon. 
10'  25"  Mars  was  wholly  out. 
At  the  time  of  the  emersion  'twas  hazy  weather ;  at  the  time  of  the  emersion,  Mars 
was  2 rev.  44  =  1'  22'  more  north  than  the  moon's  south  limb;  diff.  declination  was 
1'  22"  at  15h.  lOf 

1737,  Feb.  18.    Eclipse  of  the  sun. 

Subtract  15'  47"  from  the  time  of  the  watch  at  the  beginning  of  the  eclipse  gives 
ap.  time. 

II.   /      »  K*v. 

10  10  0  sun's diam  69*4  Ins. 

2  34  30  beg. 

35  50  chord  14  «t 

37  40  ch  18  44 

42  40  ch  28  H 
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H.  ,  Rct. 

1787.  3  12  30  part,  lucid  40  if 

20  15  lucid  34  U 

31  20  touch  first  spot  large 

40  0  touch  second  spot 

49  0  lucid  14  0 

50  0  horns  pcrp. 

53  0  lucid  12  0 

55i   IliS 

57|   11  tV 

4  3   12  0 

7*   14  0 

11  20  horiz. 

20  0   8  dig. 

27  40   29  M 

m   7  dig. 

34  25   6  dig  34  « 

41  30  lucid  40  tf 

42$   5  dig. 

45       spot  appeared  largest 

49*   *  <H* 

.  56   3  dig. 

5  2  45   2  dig. 

8  30  chord  24  * 

9  30   1  dig.  ch.  ...20^5 

10  45   1744 

12  30   10  U 

12  15  or  17  end. 

The  watch  lost  from  the  beginning  to  the  end  of  the  eclipse  only  nine  seconds. 

At  the  end  subtract  15'  38"  gives  app.  time. 

The  equation  of  time  is  at  the  eclipse  17  44". 

Oct.  28.    71i.  14'  40"  m.  t.  imin.  3d  sat.  )  .  ,  , 

,M  „,       J.  in  15f.  tub.  obser.  good. 

lOh.  14' SO 'm.  t.  emer.  3d  sat.  j  b 

29.    5h.  2T  45"  m.  t.  begin,  em.  1st  sat.  15f.  g.  v.  good. 
1738,  Oct.  16.  lOh.  84'  40"  m.  i.  in  15f.  t.  2d  sat.  emerged. 

37'  30"  m.  t.  emers.  1st  in  15f.  tube.  [8] 
Both  the  satellites  were  near  Jupiter's  limb,  but  Jupiter  appeared  very  distinct. 
Moon  at  full  and  near  Jupiter. 

llh.  5*  m.  t.  Jupiter's  following  limb  had  the  same  right  ascen- 
sion with  o  in  nodo  lini  Pise.,  and  J upiter's  centre  wa»  more  northerly  than  the  star 
5'  10"  in  declination. 


Digitized  by  Google 


ASTRONOMICAL  OBSERVATIONS. 


369 


} 


1738,  Nov.   8.  lOh.  50'  25"  m.  t.  em.  1st.  [8] 

10.    5h.  20  0"        cm.  1st.  [7]  a  little  hazy.  ^  in  the  15f.  tube 

7h.  49'  30"        em.  2th  [8]  good. 
12.    6h.  57'$    the  3d  sat.  was  seen,  hut  it  appeared  small  as  if  it  had 
not  quite  recovered  its  full  lustre,  clouds  prevented  my  seeing  it  before  it  immerged,  as 
also  just  at  the  time  of  its  beginning  to  emerge,  though  I  believe  it  could  not  have  been 
seen  much  sooner  had  not  the  clouds  hindered. 

Dec.  10.  7h.  28*  40"  ro.  t.  the  1st  sat.  began  to  emerge  [7]  15f.  tube; 
it  was  cloudy  at  intervals,  but  I  judge  the  observation  to  be  good;  for  one  of  the  satel- 
lites being  then  very  near  Jupiter's  body  on  the  same  side,  and  another  not  far  from  it, 
appeared  very  plain  at  the  time  I  first  saw  this  beginning  to  emerge. 

Dec.  12.  Shirburn  at    5h.  0'  S3"  by  the  clock,  imm. 

6    3  23  Aldcbaran  emerged, 
diff.  decl.  28  rev.  10=14'  35"  im. 

10        0  =  5'  10"  em. 
lat.  of  Shirburn  51*  39*  0' 
The  clock  was  22"  31"  too  slow  for  mean  time  about  the  time  of  the  middle  of  the 
occultation    +  12  equat.  t. 

22  43  clock  too  slow  for  ap.  t. 

II.  ,  a 

Hence  the  immersion  of  Aldebaran  was  at  5  23  16  ap.  t. 

or  5  23  4  m.  t 

and  the  emersion   at  6  26  6  ap.  t. 

or  6  25  54  m.  U 

Set  the  immersion  of  Aldebaran  at  5  23  15  ap.  t. 

the  emersion    6  26  5  ap.  t. 

or  6  26  0  on  account  of  it*  not  being 
soon  as  it  emerged. 

1739,  July  24.  sun  eclipsed,  15f.  tube. 
H.  ,  . 

3  10  58  beg.  eclipse.  R*t. 

12  30  chord  12  |g 

14  50  20^ 

16  30  chord   23  £ 

31  27  touched  first  spot 

35  0  pars  lucida  60  £ 

38  10  p.  luc  47 It 

45  30  42  iS 

52  15  37  H 

4  0  0  33  0 

0  50  second  small  spot 

3  B 
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h.  ,  . 

1739,  July  24.   4  2  30  touch  second  great  spot  r*. 

9  0  28J§ 

16  30   26  0 

20  30   25  H 

23  45  25  0 

27  30  int.  com  62  0 

31  45  26  0 

88  30  28  |S 

40  0  first  spot  out. 

47  0   33  0 


54  0  37 


1 1 


5  0  0  42iS 

6  30   47  it 

29  80  end  d.  d.  32  ^  from  the  north  limb. 

85  0  sun's  diameter  eq  67  U 

N.  B.  The  watch  was  2"  behind  the  study  clock  at  2h.  50,  and  1"  before  it  at  5h. 
50 ;  having  gained  8"  in  8h. 

The  study  clock  at  noon  was  36"  too  slow  for  ap.  time,  and  lost  18"  per  diem  of 
mean  time,  or  23"  of  the  ap.  t. 

41"  added  to  the  time  by  the  watch,  gives  ap.  time  during  the  whole  eclipse. 
Oct.  28.   8h.  21'  50"  m.  t  8h.  87  50"  ap.  t.  em.  1st  in  15f.  tube.  [8] 
Nov.  9.  17h.      14"        17h.  S&  7"         cm.  1st  15f.  tube.  [7] 

1740,  Nov.  5.  9h.  19'i  by  the  study  clock,  the  4th  sat.  of  Jupiter  immerged  (by 
the  15f.  glass) ;  and  at  llh.  58'  45"  it  began  to  emerge.  Hence  the  immersion  may  be 
set  at  8h.  59"  0"  m.  t.  and  the  emersion  llh.  -  is'  SO"  m.  t.  [8]  seen  when  very  small. 

1741,  Feb.  6.  8h.  84'  40"  by  study  clock,  the  3d  sat.  was  emerged ;  while  I  was 
moving  the  rest  it  came  out,  but  I  believe  the  time  here  set  down  must  be  within  the 
minute  or  less '. 

Feb.   8.  the  2d  sat.  of  Jupiter  emerged  [6]  8b.  85'  22"  m.  t. ;  8h.  21'  5"  ap.  t. 

the  1st  sat.  of  Jupiter  em.  very  exact,  [9]  llh.  5'  38"  m.  t.;  lOh. 

51'  21"  ap.  t. 

18.  the  3d  sat.  of  Jupiter  immerged,  the  moon  being  very  near  Jupiter 
9h.  2ff  48"  ap.  t. ;  9h.  40  23"  m.  t. 

15.  2d  sat.  of  Jupiter  emerg.  [7]  llh.  O  35"  ap.  t. ;  llh.  18'  48"  m.  t. 

17.  1st  sat.  of  Jupiter  emerged  [8]  7h.  29"  26"  m.  t. ;    7h.  16"  34"  ap.  t. 

24.  1st  emerged  in  15f.  tube  [8]  9h.  24'  15"  m.  t. 
March  12.  the  1st  sat.  of  Jupiter  began  to  emerge  in  15f.  tube  [8]  7h.  36"  42" 
ap.  time.  7h.  43'  20"  m.  t.  moon  was  near  Jupiter. 


1  At  noon,  clock  too  slow  on  Feb.  7-   8  Iff    Feb.  10.   7'  48". 
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I  thought  that  I  saw  the  2d  sat.  of  Jupiter  emerging  almost  in  contact  with  the  1st,  but 
a  little  more  southerly  in  appearance :  as  it  grew  brighter  they  both  seemed  to  form  an 
oblong  star,  and  continued  U»  appear  so  for  10  or  15'  after ;  the  2d  being  rather  farther 
off  Jupiter  than  the  first :  Quaere.    Place  the  emersion  at  8h.  S'i  ap.  t.;  or  8h.  1.3' m.  t. 

1741,  March  26.  I  thought  I  saw  the  1st  sat.  of  Jupiter  emerging  exceeding  small, 
(a  strong  Aurora  Borealis)  :  put  the  emersion  llh.  SI'  0"  ap.  t.;  lib.  38'  15"  m.  t. 
May  3.    8h.  4T  5"  by  study  clock,  3d  sat.  emerg.™ 


The  "  comet  from  a  Lyra;  16°  C  and 

from  0  Cygni  6°  O  gives  its  right  aac  284°  44'  43" 

disL  from  pole  68"  9  20" 

1748,  Oct.  21.    Moon  eclipsed  in  the  7f.  tube ;  cloudy  and  hazy. 

H.  ,     .  Rer.  ,  . 

3  35   0  s.  t.  the  moon  s  diameter  33  33=82  47 

58  45  the  chord  between  the  horns   24  0=  23  12 

4  4  28  partes  lucida;   23  0=22  20 

6  25  partes  lucidse,  very  hazy  21  2=  20  27 

9   0  partes  lucidie   19  6=18  87 

12  8  partes  lucida;   17  33=17  20 

14  0  partes  lucidae   17  20=17  2 

24  33  partes  lucida;   10  33=10  35 

26  10  partes  lucida;   10  10=10  2 

27  37  partes  lucida;,  very  hazy   8  24=  8  26 

81  38  partes  lucida-    6  8=  6  8 

35  25  between  the  horns   28  11  =  27  20 

37  50  between  the  horns   24  26  =  23  50 


45  0  the  immersion  very  uncertain,  because  of  clouds  ami  hazi- 
ness. 

14  24  30$  by  transit,  the  sun  passed  the  meridian. 
23.      32  194  8Un'8  centre. 
25.  The  sun's  true  diamcter=32'  20". 

Greenwich,  Oct.  24.  The  transit  of  Mercury. 

Clouds  and  a  hazy  air  prevented  me  from  observing  the  ingress  with  certainty  ;  but 
at  20h.  iHY  23"  ap.  time,  Mercury  appeared  as  a  notch  in  the  sun's  limb,  the  central 
ingress  being  near  this  time,  or  perhaps  somewhat  later.  Clouds  immediately  coming 
on  hindered  me  from  string  it  again  till  20h.  33'  47',  when  it  was  wholly  within  the 
sun,  and  near  its  own  diameter  from  the  sun's  limb. 

From  this  time  the  sight  of  the  sun  and  Mercury  was  totally  obstructed  by  clouds 

■  At  noon,  clock  too  fast  on  the  2d,  5'  23"§.    On  the  16th,   6'  T\- 
"  This  observation  is  not  dated,  but  it  appears  from  some  computations  on  the  same  paper  to 
have  been  made  in  the  morning  of  the  24th  of  February  1/42. 
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and  hazy  air,  til)  above  two  hours  after  the  ingress,  when  the  clouds  becoming 
I  could  distinguish  Mercury  well  enough  to  make  the  following  observations. 

1743,  Oct.  24.  22h.  31'  46"  ap.  t  Mercury's  centre  moving  on  the  fixed  wire  preceded 
that  part  of  the  sun's  limb  which  was  in  the  same  parallel  of  declination  with  it  1'  11" 
sidereal  time,  or  IT  45"  in  right  asc.  The  diff.  of  declination  between  the  centre  of  Mer- 
cury and  the  sun's  south  limb  being  at  the  same  time  observed  16  rev.  £§  =  T  8^  . 

H.    t     •  t    0  n  Rrv.  ,  n 

t.  22  42  41  diff.  right  asc.  1  14  =18  30  diff.  decl.  =  l6       =  7  50 

46  12  diff.  right  asc.  1  14$  =18  37$  diff.  decl. =  17  10  =  7  58,3 

48  86  diff.  right  asc.  1  16-  =18  56  diff.  decl.  =  17  22  =  8  6,7 

56  45  diff.  right  asc.  1  19§  =19  52$  diff.  decl.  =  18  12  =  8  27,4 

23   1    8  diff.  right  asc.  1  22  =20  30  diff.  decl.  =  18  24$=  8  36 

3  29  diff.  right  asc.  1  22$  =20  37$  diff.  decl.  =  18  86  =  8  44 

5  49  diff.  right  asc.  1  23  =20  45  diff.  decl.  =  19  2$=  8  48,6 

8  49  diff.  right  asc.  1  25$  =21  22$  diff.  decl.  =  19  17  =  8  58,7 

40  42  diff.  right  asc.  1  39$  =24  52$  diff.  decl....22  15$  =  10  20T*„ 

58  0  diff.  right  asc.  1  47  =26  45  diff.  decl....28  37  =11   8,4  q 

25.  0  2  15  diff.  right  asc.  1  48$  =27  7$  diff.  decl....24  15  =11  16 

7  2  diff.  right  asc.  1  50  =  27  30  diff.  decl....24S6  =11  30,$ 

16  27  diff.  right  asc.  1  55- =28  41  diff.  decl....25  31$  =  11  55 

24  42  J  d'ff*  r'  "'  °f  Mercury  and  8Un's  cent.  =  0'  58 "=13'  15" 

(  diff.  r.  a.  2L.  1'  58"=29'  SO"   diff.  decl....26  21  =12  15,6 

29  11  diff.  right  asc.  of  Mercury  and  1 L.  C  11"=  9!  41". 

diff.  right  asc.  sun's  cent.  5T$  =  14'  22"$  JU*. 
diff.  right  asc.  2L.  2-  3"$  ::  =  80'  52"$   diff.  decl.  27  15  =12-  39". 
diff.  r.  a.  sun's  cent.    1'  1"-  =15'  11" 

right  asc.  2L  2-  7=31'  41 "     diff.  decl.  28  20$=  13'  10,6 

51  55    diff.  right  asc.  of  Mercury  and  1L.  O  4"=1'  0" 

54  3    diff.  decl.  29  7  =13'  29". 

12   7    central  egress. 
1   0  42    interior  contact. 

2  16    exterior  contact 
7  56  43    exterior  cont.  at  Kingston  in  Jamaica0. 
Dec.  26.  5h.  20'  16"  s.  t.  =  10h.  8'  15"  m.  t.  in  the  7f.  tube,  the  comet  preceded  a 


ct  1 

J-  By  Mr.  Graham  and  Mr.  Short. 


small  star  2'  53  '$  =  0  43  20  diff.  right  asc. ;    diff.  decl.  comet  south   32  30 

4  48  15  right  asc.  star.     by  the  mean  of  two  obs  68  13  30 


4   4  50  Comet's  right  asc.  Comet  a  pol.  68  46  0 


°  Observed  by  Alexander  Macfarlane. 
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1 743,  Dec.  27.  Oh.  14'  45"  s.  t.  or  5h.  8*  25"  m.  t.  the  comet  was  on  the  mend. 

■    /  • 

Comet  observed  z.  dist.  30  20  48 

32 

38  31  15 


Hence  the  comet's  right  asc.  3°  41'  15".  Comet  from  the  pole  68  52  35 

Dec.  28.  Oh.  12"  45"+  s.  t.  or  5h.  Z  30"  comet  passed  the  merid.  a  v.  30  28  47 

82 

38  31  15 


Hence  the  comet's  right  asc.  3e  11'  20".  Comet  a  pol.  69  0  34 


Dec.  30.  4h.   ff  56"  s.  t.  or  8h.  42  12"  m.  t.    By  the  moan  of  two  < 
the  comet  preceded  the  middle  point  of  the  double  star  Piscium  marked  1  i,  43'  26"= 

10  5130  Comet  n.  diff.  decl.   0  3717 

13  0  0  right  asc.  of  <J/  Pise.  <b  a  pol.  69  54  37 


2  8  80  Comet's  right  asc.  Comet  a  pol.  69  17  20 


Dec.  31.  Oh.  T  0"  +  s.  t.  or  4h.  44'  58"  +  m.  t.  Comet  on  the  merid.  80  51  48 

38  31  47 


Hence  the  comet's  right  asc.  U  US  5"  Comet  a  pol.  69  28  35 

1744,  Jan.  6.  Oh.  5'  3"  s.  t.  or  8h.  \«  46"  m.  t.  In  the  15f.  tube,  by  the  mean  of 
3  observations,  the  comet  preceded  54  Pise.  29"  53"=  7°  28"  15"  in  right  asc.  and  was 
21  80"  more  northerly. 

Right  asc.  6  81   0  Dist.  pol.  70  8  5 

7  28  15  2  30 


Right  asc.  of  Comet  359  2  45  Comet  a  pol.  70  5  35 


Jan.  10.  3h.  35'  20"  s.  t.  or  7h.  S3'  25"  m.  t.  the  comet  preceded  the  54th  Pise 

36  22"  +  or  9"  5'  35"  and  was  more  southerly   21'  50" 

6  31    0  70°  8  5 


857  25  25  right  asc.  comet.  Comet  a  pol.  70  29  55 


Jan.  11.  6h.  25'  T  s.  t.  or  lOh.  18  48"  m.  t.  the  comet  preceded  x  P^gasi 

13'  27'  or  3°  21'  45"  in  right  asc.  and  was  more  north    36  25" 

0  20  30  x  Peg-  right  asc.  71°  IS  10 


356  58  45  right  asc.  of  the  comet.  Comet  a  pol.  70  36  45 
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1744,  Jan.  18.  8h.  29"  27'  s.  t.  or  6h.  15*  55"  m.  t.  by  6  observations  the  comet  pre 

ceded  x  Pegasi  16"  19"i=4°  4  55"  right  asc.,  and  was  north    26"  3" 

x  Peg.  right  asc.    0  20  30  71-  13  10 

356  15  35  Comet  a  pol.  70  47  7 

Jan.  15.  4h.  1'  44"  s.  t  or  7b.  40'  5"  m.  t.  the  comet  preceded  x  Pegasi  (by 

5  obs.)  19  35"  =  4°  53'  45"  in  right  asc.,  and  was  north    14'  10" 

0  20  30  71° 13  10 


Comet  855  26  45  Comet  a  pol.  70  59  0 

Jan.  16.  2h.  23  6"  s.  t.  or  5h.  57  49"  m.  t.  the  comet  preceded  x  Peg.  21'  3"f 

in  time,  or  5»  15'  55"  in  right  asc.  and  was  more  northerly   6"  43" 

20  30  star  71*  13  10 

355  4  35= Comet  s  right  asc  Comet  a  pol.  71    4  27 


Jan.  21.  3h.  25'  0"  s.  t.  or  6h.  39  51"  m.  t  (by  3  obs.)  comet  preceded 

if  Pegasi  7  21"=  1"  50'  15"  in  right  asc.,  being  more  north    0»  41'  38" 

354  52  10  star's  right  asc.  star  72  18  5 


353    1  55  Comet's  right  asc.  Comet  a  pi.  71  86  27 


Jan.  23.  4h.  7  25"  •.  t.  or  7b.  14  17'  m.  t.  (by  9  obs.)  the  comet  preceded 

p  Pegasi  10*  51  "i  =  2»  42"  50"  bright  asc.,  being  north    26*  35" 

354  52  10  f  Peg.  72°  18  5 

352    9  20  Comet's  right  asc.  Comet  a  pol.  71  51  30 

N.  B.  In  these  and  the  following  observations  an  allowance  is  made  for  refraction 
when  necessary. 

Jan.  29.  4h.  7  9' s.  t.  or  6h.  50"  26"  m.  t  (by  7  obs.)  the  comet  preceded 

S.  Pegasi  8'  4"f 1'  10"  in  right  asc.,  and  was  north    8  26" 

351  15  20  S.  Peg.  73°  0  56 

849  14  10  Comet's  right  asc.  Comet  a  pol.  72  52  80 


Feb.  1.  3h.  59  40"  s.  t.  or  6h.  31'  11"  m.  t  (by  5  obs.)  the  comet  preceded 

S.  Pegasi  15'  2"  J  =  3°  45'  36"  in  right  asc.,  being  south    38'  27' 

351  15  20  star  star  73°  0  56 


347  89  45  Comet's  right  asc.  Comet  &  pol.  73  39  23 

Feb.  6.  4h.  1'  0"  s.  t.  or  6h.  124  52"  m.  t.  (by  4  obs.)  the  comet  followed 

m  Pegasi  3'  41  "4=0"  55'  22"  in  right  asc.,  and  was  north   23'  12" 

343    0    3  m  Pegasi.  76°  10  2 

:  343  55  25  Comet'  right  asc.  Comet  a  pol.  :  75  46  50 


This  observation  is  a  little  dubious.  Cloudy. 
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17*4,  Feb.  9.  4h.  84'  84"  s.  u  or  6h.  34'  38"  ro.  t  by  one  obs.  the  comet  preceded 

q  Pegasi  81'  18"$  =  T  49'  3T'  in  right  asc.,  and  was  more  northerly   43'  13" 

849    3    5  star  right  asc.  78°  38  53 

dubious  :  341  13  28  Comet's  right  asc.        dub.  :  Comet  a  pol.  77  56  40 

Feb.  9.  5h.  IS*  43"  s.  t.  or  7h.  13'  34"  m.  t.  the  comet  preceded  A  Tauri  5h. 

1'  46"  J =75«>  ft&  86"  in  right  asc.,  being  north   Iff  18" 

56  37  55  right  asc.  of  X.  X  a  pol.  78»  15  20 

dubious  341  11  20  Comet's  right  asc.  dub.  Comet  a  pol.  77  59  2 

Feb.  10.  4h.  9*  9"  s.  U  or  6h.  S  15"  m.  t.  the  comet  preceded  the  18th  Orionis 

6h.  20"  49"-=95°12'  10"  in  right  asc.,  and  was  north    4' 25" 

75  27  40  18.  Orionis  star  a  pol.  78*  58  25 

by  one  obs.  340  15  30  Comet's  right  asc.  Comet  a  pol.  78  54  0 

Feb.  12.  4h.  31'  8"  s.  t.  or  6h.  W  19"  m.  t.  the  comet  preceded  <r  Pegasi 

6-  MTmf  44'  0"  in  right  asc.  and  was  north   +  IT  36" 

refr.         —20  refract.  +     0  24 

339  51  15  star's  right  asc.  star  a  pol.  81B  31  10 

338    7  35  Comet's  right  asc.  Comet  a  pol.  81  18  10 

Feb.  13.  4h.  9!  47"  s.  t.  or  5h.  4T   6"  m.  t.  the  comet  preceded  p  Pegasi 

$0'Sb"'=TSff  0"  in  right  asc.  and  was  north  of  it   1' 10" 

344  41  55  star's  right  asc.  star  a  pol.  82"  40  0 

337    2  55  Comet's  right  asc.  Comet  a  pol.  82  38  50 

Feb.  17.  22h.  10"  13"  s.  t.  or  23h.  35'  51"  m.  t.  the  comet  passed  the  meridian, 

its  apparent  zenith  distance  being  then   53°  5C  18" 

ref.        1  15 
Co.  Lat.  38  3'  15 

Hence  the  comet's  right  asc.  832«  SS1 15"  Comet  a  polo  92  28  48 


1748,  April  21.P  By  the  sector. 

H.    ,     «  o    ,  ■ 

13  32  50  a  comet,  Nonius  at  3  33  21  £  turn.  n.      ,  „ 

14  40  6  X  Cassiop.  Xon*  at  3  28  9  dhT.   1  12$=  5  45  the  star  south 
45  9-,£Ca*riop.Non«.at2  51  11  diff.  11  104  =  42  5 

58  21  the  comet,  TW.  at  8  118 

15  5  8+,xCassiop.Non'.at2  43  7  4  11  =16  30 
15  10  10-,;Cassiop.Non'.at2  6  2J  18  15$  =  50  15 

p  The  transits  of  this  comet  are  inserted  in  the  2d  volume  of  the  Greenwich  Observations, 
p.  425,  with  a  memorandum  that  no  mention  is  made  of  it  in  the  quadrant  book,  or  in  i 
paper,  which  the  editor  had  then  been  able  to  find.    This  deficiency  is  now  supplied. 
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H.    ,    .  1748,  April  21.    In  7  foot  tube. 

16  25   1  the  comet  N. 

17  31  26  X  Cassiop.   diff.  decl.  30  rev.  10=29"  15" 
32  43  star  6  mag.  diff.  decl.   7        7=  7  0 

22.  By  the  sector. 

At  14  32  the  comet  preceded  a  5  mag.  star  about  2', 
Comet,  Non«.  3°  39'  8" 
the  Star  north      4  14    0|  diff.  9 1.  14n.j  =  35' 25", 
At  14  50  the  star  preceded  the  comet  about  1". 
Comet,  Non-.  3°  41'  18 "\ 

Star,  Non\     4  13  19  \  diff.  8t   ln.=29'  30" 


1618  7  Star3Cass.Por5mag.  ^       ,  . 

16  22  20  S. 

 diff.  20  39-20  23 

16  25  30  S. 

16  31  14  S. 

16  36  9  S. 

36  47  C  

diff.  18  38-18  26 

16  49  27  S. 

16  57  13  S. 

17  1  11  S. 

I  Each  "  turn"  for  the  equatorial  sector  was  equal  to  2!  40",  and  each  subdivision,  or  "  n,"  was 
equal  to  10".  These  quantities  will  not  answer  for  the  reduction  of  the  differences  which  is 
given  for  the  observations  of  April  22,  from  lfih.  IK  7"  to  17h.  2C  57"  ;  these  observations  were 
therefore  most  probably  made  with  the  7t*  although  no  mention  is  made  of  it.  Bradley  found 
that  HO  revolutions  of  the  screw  of  his  micrometer  were  equal  to  36"  58",4  for  his  1 5f. ;  56'  2",3 
for  his  lOf.j  and  77'  1 1**3  for  his  %  ;  the  circumference  of  the  head  of  bis  screw  was  divided 
into  40  equal  parts,  and  it  will  be  found  that  the  values  assigned  to  the  revolutions  and  parts,  in 
the  observations  which  have  just  been  mentioned,  will  answer  very  nearly  to  those  which  would 
be  found  in  tbe  use  of  the  7f-  They  are  indeed  a  few  seconds  too  large  :  but  he  was  in  the  habit 
of  examining  the  micrometer  before  an  observation,  to  see  if  the  wires  exactly  coincided  when 
the  index  stood  at  0 ;  he  also  brought  the  wires  sometimes  to  touch  rather  than  to  bisect  the 
object,  and  in  either  case  it  was  necessary  for  a  correction  to  be  applied. 

From  the  same  reason  it  appears  that  the  It  was  used  on  the  15th  of  May,  although  no  notice 
is  taken  of  it. 
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H.    /  • 

1710  13  S.  Itar.        /  . 

11    4  C.  dim  14  3=>13  43 

17  20  6  S. 

20  57  C.  diff.  13  20=18  10 


1748,  April  23.  By  the  sector. 

11  55  12  the  Comet  Non\  at    3  84  8  tuu.+  *  ,  ,  \ 

12  5   0  r  Cassiop.  Non\  at  11  38  11     diff.  31  14  =1  56  0  the  S.  south  of 

the  Comet. 

12  15  55  Comet  Non".  at   3  37  1$ 

Cloudy,    r  Cassiop.  Non'  1  39  14     diff.  32  9*=1  58  55 

45  17  jS  Cassiop.  Non*  2  10  3     diff.  23  2oj  =  l  27  45 

13  5  52  the  Comet  Non*.  at. ..3  46  12 

Cloudy,    t  Cassiop.  Non\  at.. .1  42  12     diff.  82  22  =  2   1  0 

April  24.  In  the  7f.  tube. 

13  25  20  the  Comet.  Rw.        ,  „ 

14  9  26-  *  Cassiop.  diff.  declin.  27  35=27  2J  the  S.  south  of  the  Comet 

14  23  28  the  Comet. 

15  7  10  u  Cassiop.  d.  d  33  14=32  19 

15  44  4  the  Comet. 

16  1  45  10  Cassiop.  d.  d  34  35  =33  47$  the  S.  north  of  the  Comet. 

April  27.  By  the  sector. 

.    i  • 

12  89  15  the  Comet  Non'.  at  3  23  21  turn.  n.     ,  „ 

13  14  18  S.  6  mag.  Non'.  at  2  34  16     diff.  18  5  =  48  30  S.  south 
27  19  31Cassiop.Non\  at  2  35  0     diff.  12  21  =  47  30  S.  south 

13  34  33  the  Comet.  Cloudy. 

May  2.  By  the  sector. 

12  37  21  S.  6  mag.  Non'.  at  3  37  1 

50  0:  the  Comet  Non\  at  3  20  6     diff.   4  17=17  30  S.  north. 

May  12.  By  the  <. 

13  39  15  the  Comet  Non'.  at  3  32  16 

51  25  S.  6  mag.  Non'.  at  4  42  18     diff.  19  2=  1  10  0  S.  nortfi. 

14  31  55  the  Comet  Non\  ...8  30  5 
43  5  S.  6  mag.    ...4  4113     diff.  19  7=  1  10  50 

15  17  22  the  Comet. 

Cloudy.    6  mag.  S.     d.  d.  29  rev.  85=28  58"  the  S.  north  by  the  7f.  tube. 

May  14.  By  the  sector. 

14  19  50  the  Comet  Non'.     8  20  9 

42  50  S.  5  mag.  Non".      4  26  7     diff.  17  20=  1   5  40 

Sc 
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14  52  8  the  Comet  Non'.  3  22  21  mm.  n.    .  , 

15  15  36  S.  5  mag.  Non\  4  28  20     diff.  17  21  =1  5  50 
15  21  30  the  Comet.  iter.       .    ,  „ 

43  59  S.  5  mag.  -  d.  d.  67  31  =  1  5  32  the  S.  north  in  the  7f.  tube. 
49  14  the  1st  S.  6,7  mag.  d.  d.  19  15=0  18  50 

52  6  the  2d  S.  6,7  mag.  d.  d.  13  24=0  13  16 
1748,  May  15.  By  the  sector. 

IS  44  0  the  Comet  Non\  8°  10'  15"         tun.,  n.     .    ,  „ 
56  25  S.  5  mag.  Non\  4  22    7     diff.  19  14=1  12  0 

14  39  58  the  Comet.  iter.       .   ,  „ 

S.  n.   51  30  S.  5  mag.  d.  d.  74  10=1  11  47  the  S.  north. 

56  52  :  the  1st  S.  6,7  mag.  d.  d.  25  30=0  24  59 
59  29  the  2d  S.  6,7  mag.  d.  d.  20  1=0  19  28 

15  11  54  the  Comet. 

28  30  the  1st  S.  6,7  mag.  d.  d.  25  35=  25  7 

31  12  the  2d  S.  6,7  mag.  d.  d.  20  3=  19  31 

15  50  4  the  Comet. 

16  6  17  the  1st  S.  6,7  mag.  d.  d.  26  5  =  25  21 
9  2  the  2d  S.  6,7  mag.  d.  d.  20  13=  19  45 

May  16.  In  the  7f.  tube. 

14  58  50  the  Comet. 

15  4  44  the  1st  S.  6,7  mag.    d.  d.  35  22=34  27 

7  36  the  2d  S.  6,7  mag.    d.  d.  29  29  =  28  50 

8  58  the  3d  S.  6,7  mag.    d.  d.    8  36=  8  44 
15  12  30  the  Comet. 

18  25  the  1st  S.  6,7  mag.   d.  d.  35  38=34  52 
21  10  the  2d  S.  6,7  mag.    d.  d.  30  4=29  1 
the  3d  S.  6,7  mag.    d.  d.    9   1=8  51$ 

15  38  48  the  Comet. 

44  20 :  the  1st  S.  6,7  mag.    d.  d.  35  24=34  80 

47  12  the  2d  S.  6,7  mag.    d.  d.  29  32=  28  54 

48  42  the  3d  S.  6,7  mag.    d.  d.    9  5=  8  57 

16  16  &c.  the  Comet. 

1st  S.  6,7  mag  d.  d.  35  35=34  46 

2d  S.  6,7  mag  d.  d.  30  3=29  10 

3d  S.  6,7  mag  d.  d.    9  10=  9   4  stars  north. 

May  17.  In  the  7f.  tube.  Rev. 

15  35  the  Comet  and  3d  S.  6,7  mag.  had  nearly  the  same  right  asc.  S.  n.  19  13 
=  18  47"$. 

15  50  the  S.  preceded  the  Comet  about  10".    d.  d.  19  rev.  20=  18  5T\. 
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H.  /  Rw«       i  „ 

16  0  Comet  from  the  S  19  22=19  OJ 

16  3   19  21  =  18  59 

16  5   19  24=19  3* 

16  10   19  25=19  5 

16  19   19  27=19  6{ 

16  29  30"  the  S. 

29  55  the  Comet.       d.  d.  19  29=  19  lO* 

16  37  6  the  3d  S.  6,7  mag. 

37  33  the  Comet.        d.  d.  19  31  =  19  13 \ 

17  16  15  the  3d  S.  6,7  mag. 

16  5.5  the  Comet  faint,  d.d.  20  0=19  26 

1748,  May  18.  In  the  7f.  tube. 

16  20  25  the  3d  S.  6,7  mag. 

29  55  the  Comet.       d.  d.  29  18=28  34 

16  34  50  the  S. 

44  30  the  Comet.        d.  d.  29  35=28  58 

17  25  20  the  S. 

35  5:  the  Comet.      d.  d.  30  10=  29  19 

Comet  of  1759- 

Mean  Time.     Right  A  sc.  DecL  S. 

May   1 .    9  54  25'  159  50  52  25  39  59  by  »  Hydra?       )  both  near  the  parallel. 

50  45        40  18      6  Hydra;  cont.  J"  obs,  with  the  sector. 

2.    9  24  9    158  27  35  22  14  41      (3  Hyd.  &  Crat.  \ 
27  52        14  41      y  Hyd.  cont.  nearest  the  paral.  ) 

5.  10  44  30    155  58  25  15  25  26     2  f  Hyd.  &  Crat.  by  the  mean  of  4  obs. 

with  the  microm. 

10  57  48    155  58  15    15  24  39      »  ditto  settled  by  D.  F.  by  2  obs.  with 

the  microm. 

6.  9  59  16    155  29  42    13  58  31      p  Hyd.  by  S  obs.  ^ 

29  30        58  18      »  Hyd.  &  Crat.  by  2  obs.  the  >  sector. 

S.  »  settled  by  D.  F.  J 
16.  10  21  20    153  42  11     6  42  25  by  the  mean  of  6  obs.  with  the  microm. 

long.  5'8  8  50    16  24  5  lat.     from  a  star  of  the  5th  mag.  (not  in 


'  There  is  a  paper  on  which  a  reduction  has  been  made  of  the  observation  of  the  1st  of  May  ; 
from  this  it  appears  that  the  time  was  !*h.  34'  25 ",  and  not  Oh.  54'  25".  There  seems  likewise 
to  be  an  error  of  transcription  with  respect  to  the  first  star  which  is  mentioned  for  this  same 
day  :  «Hydre  lies  very  far  from  the  parallel  in  which  the  Comet  was  moving;  it  is  possible  that 
the  original  was  «r  Hydra;  Cont.  It  is  hardly  necessary  to  mention  that  the  observation  of  the 
25th  of  May  must  have  been  made  at  the  carl  of  Macclesfield's. 

3  C  2 
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the  Catalogue)  whose  right  asc.  was  afterwards  found  to  be  153s  26"  0",  and  decl. 
5"  51'  30"  south. 

H.  ,  ,  . 

18.  9  45  23   153  39  *     6  2  59  hy  6  obs.  with  the  microm.  from  the  last 

long.  5' 7  50  38    15  48  37  lat.  star. 

19.  10  16  17    153  38  58     5  43  41  by  7  obs.  with  the  microm.  from  ditto. 

long.  5*  7  43  5    15  30  46  lat. 

20.  10  18  47    153  38  39     5  28  11  by  10  obs.  with  the  microm.  from  ditto. 

long.  5*7  36  48    15  16  27  Ut 
25.  10  16  55    153  49  57 ::  4  29  29  :  :  from  Spica  ty  with  the  sector,  very 

long.  5'  7  25  10    14  17  46  lat.  faint  and  uncertain. 

25.  10  33  0    158  48  0     4  26  0  by  Shirburn  observ. 
long.  5*7  22  0    14  15  15  lat. 
April  30.  10  IS  0    161  41    0    30  0  20 

5*  26  29  10   34  82  50  at  Gr. 

The  following  observations,  having  been  written  on  small  separate  pieces  of  loose 
paper,  were  overlooked  at  the  time  when  they  might  have  been  inserted 
according  to  their  respective  dates. 

1717,  Jan.  17.    6h.  4'  10"  im.  3d  sat.  (of  Jupiter)  by  the  clock. 

9    0    0  it  was  as  bright  as  any  of  the  others. 

1718,  Jan.  15.  8  0  0  m.  t.  Jupiter  had  less  right  asc.  than  r  of  Cancer,  the 
diff.  in  time  14'  1";  the  dtff.  of  decl.  was  1'  1"  in  time,  Jupiter  being  more  southerly 
than  i). 


An  observation  recorded  by  Halley,  Phil.  Trans,  vol.  XXX.  p.  854,  may  likewise  be 
added  to  this  part  of  the  collection. 

1717,  Dec.  5.  Cum  luna  jam  propemodum  plena  esset,  stellam  contulit  cum  insigni 
ilia  macula  quam  Ricciolus  Tychonem  Hevelius  Sinam  appellat,  et  ex  pluribus  equali- 
bus  distantiis  micrometre  ante  et  post  captis,  stellam  dicta-  macula?  centro  proximam 
apparuisse  conclusit  ad  llh.  15'  8"  T.  eq.  apud  Wansted.  Ad  Ml.  15'  42"  distabat  Pali- 
licium  a  limbo  luna?  proximo  et  austrino  5'  55".  Macula  autem  Tycho  ab  eodem  limbo 
aberat  4'  16".  Ad  llh.  18'  42''  Stella  erat  in  linea  recta  cum  maculis  Tychonis  et  Coper- 
nici  sivc  Sinie  et  Etna?,  et  llh.  25'  27"  T.  eq.  erat  in  recta  cum  Tychone  et  Keplero. 
Inter  htec  observata  est  luna?  diameter  32'  45." 
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became  Astronomer  Royal. 


When  i  came  to  reside  at  the  Observatory,  in  June  1743,  I  made  but  few  observa- 
tions either  with  the  mural  quadrant  or  transit  instrument,  till  I  had  made  some  altera- 
tions in  both.  For  there  being  no  good  method  of  illuminating  the  wires  of  the  telescopes 
either  of  the  quadrant  or  transit  instrument,  I  soon  found  it  necessary  to  make  proper 
apparatus's  for  that  use.  Dr.  Halley  seldom  attempted  to  make  observations  when  the  wires 
required  to  be  illuminated,  but  when  he  found  that  to  be  necessary,  he  usually  (for  the 
quadrant)  placed  a  candle  upon  the  south  end  of  the  wall  on  which  it  hangs,  which  shining 
upon  the  inside  of  the  shutter,  (which  was  painted  white,)  the  light  was  from  thence 
reflected  through  the  object-glass  upon  the  wires  in  the  focus,  and  by  raising  the  shutter 
(wluch  slided  up  and  down)  till  the  upper  edge  of  it  was  in  part  before  the  object-glass, 
more  or  less  light  was  reflected  into  the  telescope.  But  this  way  being  inconvenient, 
especially  in  windy  weather,  I  soon  found  it  necessary  to  make  a  more  useful  apparatus, 
by  fixing  a  lamp  in  a  box  near  the  object-glass,  which  shining  on  a  pasteboard  that  was 
fixed  on  the  telescope,  and  inclined  in  an  angle  of  45°  to  its  axis,  and  through  which  an 
elliptical  aperture  was  made  to  permit  the  light  of  the  stars,  &c.  to  pass  to  the  object- 
glass  ;  I  could  by  this  means  illuminate  the  wires  more  or  less  as  the  case  required,  by 
pulling  a  packthread  reaching  to  the  eye  end  of  the  telescope,  which  would  raise  or  fall 
a  shutter  that  was  before  the  box,  and  intercepted  the  light  of  the  lamp ;  by  this  con- 
trivance I  could  very  readily  and  conveniently  adapt  the  strength  of  illumination  to  the 
object  I  was  observing. 

The  roof  of  the  quadrant  room  was  so  near  the  top  of  the  stone  wall,  that  in  some 
seasons  the  warping  of  the  timber  would  cause  the  leaden  weight  which  balances  the 
telescope  of  the  quadrant  to  rub  against  the  boards,  so  that  in  some  positions  it  required 
a  pretty  considerable  degree  of  force  to  move  the  telescope ;  which  may  be  supposed  the 
reason  why  the  too  great  stiffness  with  which  it  turned  about  the  brass  cylinder  was  not 
duly  attended  to,  otherwise  the  accident  which  happened  of  breaking  die  screws  with  which 
that  cylinder  was  fastened  to  the  centre  plate  might  have  been  prevented,  by  putting  a 
little  fresh  oil  to  it.  It  was  on  the  5th  of  July  1742  that  I  first  discovered  those  screws 
to  be  broken,  and  that  the  centre  cylinder  then  adhered  so  firmly  to  the  steel  collar, 
that  it  required  a  considerable  force  to  get  it  out  after  I  had  taken  the  collar  off  with 
the  cylinder  and  carried  it  to  Mr.  Graliam,  who  rectified  it,  and  then  new  screws  were 
made,  and  the  cylinder  (after  it  had  been  turned  a  little  smaller)  was  again  fixed  on, 
July  9,  1742. 
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While  Mr.  Graham  was  rectifying  the  cylinder,  &c.  I  examined  the  position  of  the 
quadrant  as  it  then  hung,  which  was  in  the  same  situation  that  Dr.  Halley  left  it,  I 
having  before  the  6th  of  July  neither  altered  nor  examined  the  situation  of  the  vertical 
line.  By  the  memorandum  entered  that  day,  it  appeared  that  ujxm  supposition  that 
the  line  of  collimation  of  the  telescope  was  truly  adjusted  to  the  beginning  of  the  nonius, 
the  zenith  distance  to  the  south  shewn  by  the  quadrant  would  have  been  too  small 
by  34"*,. 

After  the  beginning  of  August  1742  I  was  able  to  examine  likewise  the  position  of 
the  plane  of  the  mural  quadrant,  by  comparing  the  oliservations  of  the  times  of  the  pas- 
sage of  the  stars  at  the  quadrant,  with  those  observed  with  the  transit  instrument, 
which  I  got  altered  in  several  respects  by  Mr.  Sisson :  and  before  I  made  use  of  it,  I 
had  likewise  contrived  a  proper  apparatus  for  illuminating  the  wires  in  all  positions, 
which  was  wanting  in  Dr.  Halley'*  time.  The  telescope  of  the  transit  instrument  was 
likewise  now  balanced,  so  that  it  would  stand  in  any  inclination,  (whereas  in  Dr.  Halley'* 
time  the  eye  end  being  heaviest,  he  was  obliged  to  support  it  at  the  proper  altitude,  upon 
which  account  observations  could  not  be  made  so  expeditiously  as  now.)  At  the  same 
lime  Mr.  Sisson  put  in  two  other  wires  (15'  from  the  middle  wire)  to  be  made  u?e  of 
for  taking  of  the  transit  of  objects,  in  case  clouds,  &c.  should  hinder  me  doing  it  at  the 
middle  wire.  I  had  likewise  a  new  level  made  for  adjusting  the  axis  truly  horizontal. 
These  alterations  were  made,  and  the  line  of  collimation  of  the  transit  instrument  was 
adjusted  about  July  24,  but  it  could  not  be  properly  directed  till  I  had  a  clear  view  of 
the  mark  which  Dr.  Halley  had  made  on  the  j»ark  wall,  the  sight  of  which  was  inter- 
cepted by  the  boughs  of  trees  which  had  grown  up  since  Dr.  Halley  had  used  this  in- 
strument. These  being  cut  away  about  the  end  of  July  1742,  I  then  set  the  instrument 
by  his  mark,  which  I  at  first  supposed  to  be  exactly  in  the  meridian,  but  afterwards 
found  that  it  lay  12"  or  15"  in  azimuth  to  the  west  of  the  true  meridian. 

Between  the  1st  and  14th  of  August  several  stars  were  observed  by  the  transit  in- 
strument and  the  quadrant,  and  by  com|>aring  the  times  of  their  transits,  the  errors  of 
the  plane  of  the  mural  quadrant  were  found  to  be  as  entered  in  the  Table  before  Au- 
gust 14,  1742. 

The  quadrant  was  not  altered  till  Aug.  18,  when  it  was  rectified;  so  that  the  centre 
lay  exactly  over  the  beginning  of  the  divisions  or  the  0  point,  and  then  a  plummet  hung 
from  the  notch  at  top  at  the  centre  plate  was  found  to  correspond  well  with  the  point  on 
the  limb  below,  to  which  it  had  been  at  first  adjusted  by  Mr.  Graham  in  1726. 

Aug.  20th,  I  first  altered  the  plane  of  the  quadrant,  and  by  the  method  then  de- 
scribed I  brought  the  plane  to  lie  much  truer  than  it  did  as  left  by  Dr.  Halley,  as 
appears  by  the  Table  of  errors  then  found.  About  the  end  of  August  the  telescope  of 
the  quadrant  was  taken  off  and  sent  to  London,  where  several  alterations  were  made  to 
it,  and  after  it  was  brought  back  again  I  adjusted  the  line  of  collimation,  (on  Sept.  11,) 
Mr.  Sisson  having  made  for  me  a  new  apparatus  for  that  purpose. 

N.  B.  By  the  observations  of  the  transits  of  low  stars  that  were  observed  at  both 
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instruments  about  Aug.  20  and  24,  I  judged  that  the  3d  whole  ballister  on  Mr.  Stan- 
hope's house  lies  very  near  the  true  meridian. 

After  the  line  of  collimation  of  the  quadrant  telescope  had  been  adjusted  on  Sept.  11, 
several  transits  were  observed  at  both  instruments,  from  which  a  Table  of  errors  was 
collected  as  entered  about  the  19th  of  September  1742. 

These  errors  may  be  made  use  of  till  Oct.  2,  1742,  when  I  made  some  alteration  in 
the  position  of  the  plane;  the  errors  of  which  are  contained  in  the  Table  entered 
Oct.  6th,  which  may  be  made  use  of  till  the  next  rectification. 

N.  B.  1745,  Aug.  30.  I  perceived  that  some  little  time  after  I  had  placed  the  axis 
upon  its  brass  notches,  that  the  telescope  altered  its  direction,  for  when  the  south  mark 
was  well  bisected,  it  would  not  correspond  to  the  N.  marks  as  before.  And  as  I  conceive 
this  must  be  owing  to  the  cooling  of  the  parts  of  the  axis  which  had  been  heated  by 
handling,  the  next  morn  when  all  the  parts  were  reduced  to  the  same  temperature,  I 
altered  the  wire  till  such  time  as  it  corresponded  to  the  S.  and  N.  marks  in  the  same 
manner  as  when  I  first  put  it  in  its  place,  (immediately  after  'twas  rectified.)  While  I 
was  adjusting  the  line  of  collimation,  I  tied  cloths  about  the  axis  to  prevent  the  imme- 
diate contact  of  my  hand,  but  notwithstanding  this  caution  'tis  manifest  that  cither  the 
heat  of  my  hand  through  the  cloths,  or  perhaps  of  my  body  approaching  the  bars  of  the 
axis  is  sufficient  to  produce  this  effect. 

#%  According  to  the  Table  prefixed  to  Aug.  14,  the  plane  of  the  quadrant  varied  from  tbe 
meridian  at  the  zenith  31  of  time,  the  error  diminished  gradually  to  35s  of  Z.  D.  were  it  was 
•>"  — ,  and  then  gradually  increased  again  to  8"  +  at  tbe  horizon.  On  the  20th  of  August  the  errors 
were  much  diminished,  being  only  3"  at  the  zenith  and  0  at  the  horizon,  the  maximum  was  44, 
at  10°  of  Z.  P.,  and  under  20°  it  in  no  instance  exceeded  I" ;  the  variation  however  was  not  regu- 
lar, nor  always  to  the  same  side  of  the  plane.' 

After  this  the  maximum  of  error  was  diminished,  but  no  portion  of  the  arc  was  very  near  tin? 
truth  to  so  great  an  extent  as  on  the  20th  of  August. 
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Sid.  Time. 

LitUi 

•  Ball. 

Ortat 

Steel. 

Copper. 

Wood. 

Therm. 

1743,      h.  , 
Sept.  13.   1  15 

Rev. 

Rev. 

Rev. 

43 

4  11 

64 

4  15 

412,5 

4  18 

30,0 

14   7  15 

-2,8 

-10,2 

61 

-14,5 

-11,8 

30,1} 

22  40 

-3,0 

-10,8 

64 

-14,7 

-12,3 

-18,5 

15.  22  30 

-2,9 

-10,3 

63 

-14,7 

-12,0 

-18,2 

29,9} 

16.  23  30 

-3 

-11 

64 

-15 

-12,8 

-18,3 
-18,1 

19.    9 10 

-2,0 

-  9,5 

60 

-14,25 

-11,1 
-12,8 

30,1  j 

20.  18  10 

-2,9 

-11,2 

65 

-15 

-19,3 

23.  11  30 

-1,9 

-  8,5 

58 

-13,8 

-10,3 

-18,3 
-17,8 

30,1 

24.  13  0 

-2,0 

-  8,4 

574 

-13,8 

-10,3 

25.    1  30 

i  —  l,9 

c.—  9,1 

58 

-13,8 

-10,3 

-18,0 
-18,2 

30,0  ) 

25.  15  0 

-2,5 

-  9,1 

58  + 

-14,1 

-11,05 

30,0  j 

26.  14  0 

-1,9 

ft-  8,9 

57 

-13,8 

-10,5 

-17,8 

Ball  altered. 

87.  11  40 

-7,0 

-  6,9 

52 

-13,0 

-  8,15 

-16,75 

13  20 

55 

-7,25 
-6,9 

57 

little  thermom.  placed  near  the 

ball.) 

28.  12  0 

54 

-  7,8 

52 

-13,0 

-  9,1 

-17,1 

30,0  1 

13  30 

534. 

-7,3 

-  7,55  55 

-13,3 

-  9,75 

-17,2 

0  15 

55 

-7,0 

-  7,8 

54 

-13,25 

-  9,4 

-17,1 

29,9} 

Lerujlh  Aim  of 

at  simple 


39,1349 


39,1352  SS'loV 

39,1384  30  tol' 

39,1383  33'toO'^ 

39,1395  32- -  to  2-- 

39.1395  30  t.,  1' 

39.1396  Iff  to  14. 


Then  the  rot!  was  screwed  into  another  hole,  viz.  near  the  flaws,  Sic. 

30.    8  50    50+    -19,5     -  6,3    50+     -12,8      -  8,45    -17,6  lqQiq~«    otv  ,„  v 

22  40    521     _19,4     -  6,6    524      -12,8     -  8,4      -16,2  29,8/ Jy'13'°    *"  10  *  ~ 

The  wire  now  screwed  into  the  opposite  hole. 

Oct.  3  10  3   48      -  6,6    -  5,5    48       -12,8     -  7,9     -17,0  \  on  1*21    o4<  .„  v 

1   0   50'     -  7,0    -  7,0   52       -13,6     -  9,5     -18,2  9Q,8i  ' 

The  rod  screwed  again  into  the  same  hole  as  on  Sept.  30. 

4.  10  30    50      -19,  5  -  6,1    50       -12,9      -  8,4     -18,2  ^ 

0  30    50+    -19,25  -  6,75  50       -12,9      -  8,8     -18,25  29,8  V 39,1390    20"  to  3' 

5.  10  0    454     -18,55  -  4,8             -12,15    -  7,2      -17,9  J 

Then  the  wire  was  screwed  into  the  same  hole  as  Sept.  27,  &c. 

5.11  20    46      -  6,1     -  5,35  46       -12,7     -  7,9     -18,3  \  0,01412  iifln* 

0  15    49+    -  6,0     -  6,1    43       -12,8     -8,0      -18,5  99,8)  Jt 

6.10  35    44      -  5,5     -  4,7    44       -12,1      -  7,1      -18,2  1 39  mo    GO  ,„  T_ 

23  40    48      -  6,0    -  6,2    47       -12,75    -  8,0      -18,8  29,8/35M*lu    w  10  '  ~ 

7.11  30    46      -  5,95  -^,25  46       -12,7      -  7,9     -18,8  1 391415    fly  to  7 
0  20    49      -  6,3     -  6,6             -13,2      -  8,8     -19,5  29,6/ 3J>1*10  wt°l 

8.10  45    474     -  6,1     -  5,8    474      -12,8      -  8,2      -19,5  "U9HIO    60- to  5  + 

0  10    49      -  6,1     -  6,5    49       -13,0      -  8,8      -19,75  29,5  /  3J,1*,U    w  to  0  + 

9  10  55    48      -  6,15  -  5.8    48       -12,8      -  8,25    -19,9  29,7  lo„ld1n    ftV  .  ~ 

0  15    50      -  6,5     -  7,0    50       -13,4      -  9,2      -20.4  )  39,1410    60  to  (, 
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Kid.  Time,    Utile      Ball.  Bnn       Great        Steel.  Cupper.  Wood.      Barnoi.    I^rtli  Am  of 

Tlberm.  Rod.      Tlunn.  of  iiimple  Vibration. 

1743,        H.    /       .  Rev.  .        Rer.  Rev.  Rrr.  Pendulum. 

Oct.  10.  10  25    49      4  6,2      4  6,3    49       4  13,0      4  8,5      4  20,2  I  an  nn.  19>tn9> 

22  10   50     -6,2     -  6,5    494     -13,0     -  9,0     -20,25   29,8/Jy'1W3    lx  to  * 
11.11   0    47+  -6,0     -  5,5    47+     -12,5      -  8,1      -20,25  l«q142o  tn<? 

ai  40    494    -6,5     -  C,9   494     -13,0     -  8,8     -20,5     30,1  /  l*-*>*- 

12.  12  0    48     -  5,8      -  6,1    47-    -12,55    -  7,8      -  20,3  ■» 

12  15    48     -6,15    -  6,1    J.39,1417  U'toZ- 

23  5    48  +  _5,85    -  6,0    47       -12,5      -  7,83    -  20,7  J 

13.  11  20    44     -  5,2      -  4,6    44       -12,1      -  7,1  -20,5 

Then  *rod  taken  down  and  altered  before  set  up  again. 
Dec.  28.  18  0    33      3  31,2    -  3,2    34       -12,0     -  5,8  -16,5  

5  35    35-  -31,5    -  2,5    36       -11,4     —  5,2     -  21,0  

29.  16  0   33     -  31,1    -  1,7   34       -11,1      -  4,7     -  22,5   55  to2'§ 

Small  ball. 

30.  23  30    35      0  11,5    -  2,5    -11,3      -  4,5  -24,5   39,1414    50'  to  1'$ 

1744 

Jan. '4.  21  40    33     -16,7    -  1,8    -11,3      -  4,7  -27,5     29,6   39,1460    57  to  2 

20.  2  0    42      2   1,5    -  4,3    -12,2     -  6,6  -29,5     30,2   39,1406    48-  to  Z- 

Great  ball. 

21.  18  0    404    3  32,1    -  3.6    -11,9     -  6,2 

6  0    414    -32,2    -  4,1    -12,0      -  6,4 

July  20.  12        70  .    4   1,9    -12,8    -15,9      -14,0  -18,9,  „„  ... 

19  30    68*    -  1,3    -12,2   68-    -15,4      -13,2  -18,4/  ,,U'U    3J'13*J    14  *°  * 

"■it  %\  z%  zJS  S  z\%       :{«}  «m» 

Small  ball. 

14  30  744  1   0,3  — 18^8*  7« -16.5 -lM"""-li^"V.V"."   39,1249  56'  to  Z- 

Aug.  2.  13  30  65  -  0,5   \sqi2Q2  SfftoS 

17  10  664  -«»5    -11,4    -15,4      -13,0     -15,0  to  y 

3.  8  30  -  3,8    39,1305  50'to2'- 

12  30  664  -  3,5   \<u»i«wfi  ntf,n<y 

16  0  664  -  *»9    -11,2    -15,4      -13,0      -16,8  )8»,1JW0  WtoJf- 

Grtat  ball. 

4.  7  5  64       4  0,8    -10,3               -14,9      -12,1      -16,8  lSQ1374  WtoZ 

20  0  654     -  0,9    -11,0               -15,1      -12,7     -17,5  JWM»T+  W  *  X 

Scpt.15.           58+  1 3  33,6   -  8,3  .........  -13,9     -10,3  -Wj,^  S9>1385  19<  to  * 

Small  ball. 

16.   9  45  5g_  1  2  16.2  j  ^  ^   89^339   5»/  to  2' 

59       -14,1 ""- 8,9 " *.".".""".*.** "  —  "iiji"     — 10^8  — *»J7   39,1324   50  totf- 

t26' 12  60+{ii?,8 "r*ii*v;;;;;;;;i*iM -iii ii'^e}29'47  89'1358  50,10 * 

Oct.  6.13  45  ,3    {Z™-'-^  39,1372  50+to2<- 

*  It  appears  that  the  cocks  which  supported  the  pendulum 
is  made  of  any  alteration  of  the  rod  on  the  1 3th  of  Oct.  1 743. 

3  D 
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Great  ball. 


17++,       II.  / 

Oct.  7. 

1745, 

Feb.  3. 


■ 


1  -32,4    -  5,9    -12,6    -  8,1    -25,0  /  29,40  23  10  2- 


Capper. 

Wood. 

Her. 

Rrv. 

f  3  32,2 

4  6,2  .... 

....  412,9 

4  8,3 

4  25,0 

t  -32,4 

-  5,9   

....  -12,6 

-  8,1 

-25,0 

r-  2,8 

—  1,0   

....  -10,8 

-  8,8 

-29,2 

1-  3,3 

-  1,8   

-  4,7 

-29,0 

f-  3,2 

-  1,8   

-  4,0 

-28,1 

I  -  3,7 

-  1,8   

....  -11,3 

-  4,8 

-28,1 

LriiRth  An*  of 

of. 


July  12. 

66 

f4  7,2 
1-  7,9 

13. 

70 

r-  7,2 
t  -  8,3 

16. 

70 

J-  8,2 
1-8,5 

11.  21  19   35-     1  27,2    -  2,0    80,19. 

22  40            -29,0  1 39,1409   M  to  2" 
  —29,5  J 

12.1920   ^  {Z3S&~~~: J29'98   S9'1400  Wlor 

40       -33,6    -  4,8   ZZZ.V.'  39,1402  67  to  2- 

18.  20  5  r2  2,4  ,  on  ln    „„„„„  _  „ 

33    {-  2,5    -  2,1    -11,5    -  5,0    -24,7} 30'49   39,1415  Wto* 

Great  ball. 

ilfi :::::::::      ilie  :5;?}*M  39,1356 
i8,o :::::::::  ilSS      i*!:^30,12  39,1344  » 

■12,0    -15,5    -13,4    -19,7/ 80'10   39>1342   60-toT  + 

Small  ball. 

62    {^K'"!!"."!!!"'."""*."!!! I29'91    39,1296   65' to  3' 

12  25      f  — 8m!1!!"!*.!*.!«"11!!I""!!!"!^!!"!""""!!.! -J 

62j  J  -31,8    -10,0   ^5 

L  — 28,3  J 

65  { 39,131s 

1749,  Great  ball. 

Jan.28.  341  J  3  29,4    -11,2    -25 

n  I  -29,8    _  0,2    -11,5    -26,8 

29.  18  20   g«  J -29,5    -  1,8    -11,0    -27,7 

°°  \  -29,6    3  33,8    -11,0    -28,1 

The  brass  rod  had  remained  immersed  in  snow  all  day  with  the  little  thermometer, 
which  stood  exactly  at  32. 

It  appears  that  the  brass  rod  lengthens  al>oul  as  much  as  corresponds  to  two  seconds 
in  time  for  every  5  divisions  of  the  thermometer;  or  more  exactly  0,00174  of  an  inch 
corresponds  to  5  divisions  of  the  thermometer,  or  0,00348  to  10  divisions. 

By  taking  a  mean  of  the  several  experiments  that  were  made  with  the  great  ball  when 
the  thermometer  was  al)ovc  62  divisions,  the  nicfln  height  of  the  thermometer  comes  out 
66Tv,  and  the  mean  length  of  the  pendulum  89,18505. 


29.    8  0 


Aug.  1.    6  15 


29,91 

39,1296 

65'  to  3' 

29,95 

39,1300 

63'  to  2 

29,88 

39,1818 

63' to  2' 

29,7 

39,1488 

22-  to  3'  + 

30,  0 

39,1491 

22'  to  2-+ 
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But  when  the  brass  measure  was  kept  in  snow  with  the  thermometer,  which  then 
stood  at  32,  the  length  of  the  pendulum*  was  39,1400  32,0 

I'YihnUinfl  kxxxkIs  of "  «iar  timr "]  39,1350  66,3 

diff.    ,014  34,3 

By  the  mean  of  3  experiments  in  July  1745  39,13472  68 

2  in  Jan.  1749  39,14900  32 

1428  36 

Hence  36  divisions  of  the  thermometer  correspond  to  0,01 428  of  an  inch,  and  10  di- 
visions to  0,004  very  nearly ;  or  0,01  of  an  inch  corresponds  to  25  divisions  of  the  ther- 
mometer, or  25  divisions  correspond  to  about  11"  per  diem  in  the  clock. 

#*#  There  is  no  detailed  account  of  the  apparatus  for  determining  the  length  of  the  pendulum, 
but  some  particulars  may  be  collected  from  incidental  notices  inserted  in  the  account  of  the  origi- 
nal experiments.  The  whole  appears  to  have  been  constructed  bv  Graham.  There  were  two 
distinct  methods  of  suspension.  The  smaller  ball  was  hung  by  a  hook  to  a  fine  fibre  called 
Jit  (if  pite,  the  same  as  was  used  for  a  similar  purpose  by  Mai  ran,  Godin,  and  Bougucr.  The 
larger  ball,  whose  semidiameter  was  1,957  inches,  was  screwed  to  a  wire  of  an  inch  in  diame- 
ter; this  was  supported  on  knife-edges.  The  lengths  were  determined  by  bringing  a  "  steel 
mirror"  to  touch  the  bottom  of  the  balls,  and  the  distance  from  the  axis  of  suspension  was  de- 
termined by  standard  rods  of  brass,  steel,  copper,  and  wood,  with  the  extremities  of  which  the 
steel  mirror  was  brought  successively  into  contact  when  the  upper  ends  were  coincident  with  the 
axis  of  vibration.  Some  drawings  were  found  which  contain  all  the  particulars  so  exactly,  that 
there  can  be  very  little  doubt  of  their  having  been  made  from  the  apparatus !  they  have  there- 
fore been  copied  in  plates  III.  and  IV.  at  the  end  of  the  volume.  Each  division  on  the  cir- 
cumference of  the  screw  moved  the  steel  mirror  through  0,001  inch. 

The  measures  seem  all  derived  from  the  length  of  the  brass  rod,  which  in  a  temperature  of 
64°  was  equal  to  41,128  inches  of  Graham's  scale.  There  is  a  loose  paper,  from  which  it 
appears  that  Hird  compared  it  carefully  in  1751  with  the  standard  belonging  to  the  Royal  Society, 
and  then  determined  it  to  be  4 1 , 1 25  inches  long,  at  the  temperature  of  55s. 

The  distance  of  the  centre  of  oscillation  from  the  axis  of  suspension  was  calculated  by  a 
formula,  which  is  the  same  in  value  "  with  that  given  by  M.  la  Condaroine,  in  the  Memoirs'for 
"  1735,"  p.  538,  but  no  allowance  is  made  for  the  resistance  of  the  air.  The  duration  and  num- 
ber of  oscillations  were  reckoned  by  marking  "  when  the  middle  of  a  vibration  happened  at  the 
"  instant  that  the  beat  of  the  pendulum  was  heard  from  the  clock."  The  whole  was  free,  no 
maintaining  powers  appear  to  have  been  suffered  to  affect  the  motion,  but  it  sometimes  con- 
tinued for  many  hours,  as  may  be  seen  from  the  times  at  which  the  measures  were  taken,  and 
which  were  generally  at  a  short  interval  before  the  experiments  began,  and  as  soon  as  conve- 
niently could  be  after  they  were  finished.  No  regular  correction  is  introduced  for  the  variations 
of  the  arcs;  but  more  dependence  seems  to  have  been  placed  on  what  resulted  from  the  vibra- 
tions after  the  extent  of  them  was  diminished.  The  extremes  have  been  annexed  in  the  last 
column  of  the  preeediog  Table :  the  rest  of  it,  as  far  aa  August  4  (inclusive),  was  printed  from 
a  synopsis  which  had  been  drawn  up  by  Bradley  himself,  and  the  remainder  has  been  carefully 
extracted  from  the  account  of  the  original  experiments. 
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13EFORE  the  clock  and  instruments  are  landed,  Ax  upon  the  apartment 
convenient  for  the  principal  observation  of  the  transit  of  Venus,  which 
will  require  an  aspect  open  a  little  towards  the  north  of  the  east  and  west 
points  of  the  horizon,  and  likewise  to  the  north,  in  order  to  see  the  sun  near 
noon.  If  such  an  aspect  cannot  lie  had  that  will  admit  of  the  instruments 
remaining  in  the  same  place  during  the  whole  transit,  the  stands  with  the 
telescopes  must  be  removed  after  the  ingress  has  been  observed,  to  such  a 
position  as  will  lie  necessary  for  seeing  the  nearest  approach  of  Venus  to  the 
sun's  centre,  which  may  happen  about  noon  at  Bencoolen.  The  sun's  alti- 
tude at  the  ingress  may  be  near  40°,  and  not  much  different  at  the  egress, 
and  sim's  altitude  at  noon  will  be  68°.  If  the  external  and  internal  contacts 
of  Venus  and  the  sun's  limbs  happen  to  be  well  observed,  there  will  be  less 
need  of  measuring  the  distance  with  the  micrometer  between  their  limbs 
afterwards ;  however,  if  time  will  permit,  that  sort  of  observation  should  be 
frequently  repeated  as  soon  as  can  be  after  the  total  ingress,  and  again  near 
Sh.  after  the  ingress,  when  Venus  will  be  nearest  to  the  sun's  centre,  and 
when  the  distance  of  the  nearest  limbs  should  be  frequently  taken,  and  the 
time  noted.  The  diameter  of  Venus  may  l>e  measured  by  the  micrometer 
at  any  intermediate  time,  when  the  forementioned  observations  become  less 
useful. 

The  clock  ought  to  be  fixed  up  in  as  firm  a  manner  as  the  nature  of  the 
apartment  will  admit,  and  as  near  the  place  of  observation  as  can  be ;  but  as 
it  cannot  be  expected  that  you  will  be  able  to  place  [it]  so  near  the  telescopes 
as  to  enable  the  observers  to  hear  the  beats  of  the  }>endulum,  if  a  person  can- 
not be  found  qualified  to  tell  the  seconds  loud  enough  to  be  heard  by  both 

*  The  original  of  these  memoranda  was  found  in  a  4to  book  marked  17*5  in  the  library  oi 
Greenwich  Observatory;  there  is  the  following  note  at  the  end  of  them  i 

N.  B.  These  were  the  instructions  that  Dr.  Bradley  drew  up  at  the  desire  of  the  council  of 
the  Royal  Society,  relating  to  my  observing  the  transit  of  Venus  in  the  East  Indies. 
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the  observers,  the  attempting  to  make  use  of  lx>th  telescopes  at  the  same  time 
ought  to  be  omitted,  unless  each  observer  is  furnished  with  a  stop  watch 
shewing  seconds ;  in  which  case,  by  setting  the  watch  [in]  motion  at  the  in- 
stant  the  phenomenon  happens,  and  going  immediately  afterwards  to  com- 
pare with  the  clock,  the  exact  time  by  the  clock  may  be  determined ;  but  an 
assistant  at  the  clock  would  be  most  eligible,  if  a  proper  one  can  be  procured, 
especially  at  the  time  of  the  transit  of  Venus ;  for  then  each  observer,  by 
taking  notice  what  the  time  was  when  the  contact  seemed  to  happen,  might, 
without  interrupting  the  other,  make  [his  own  observation  independent  of 
the  other. 

When  you  have  made  choice  of  the  proper  place  to  fix  up  the  clock,  the 
two  pieces  of  wood  (against  which  the  back  of  the  case  is  to  rest)  ought  to 
be  brought  to  lie  in  the  same  vertical  plane  as  nearly  as  can  be,  and  then  the 
pieces  that  are  already  fastened  to  the  back  of  the  case  being  pressed  against 
them,  and  the  case  set  nearly  upright  by  a  plumbline,  the  pieces  of  wood 
which  enclose  the  bob  of  the  pendulum  may  be  taken  away,  and  the  pendu- 
lum left  to  hang  freely ;  and  if  the  point  of  the  rod  below  the  nut  is  found 
to  lie  exactly  over  the  edge  of  the  small  brass  arc,  and  to  correspond  likewise 
with  the  middle  division  of  it,  the  clock  will  lie  in  its  proper  position,  and 
the  hole  for  the  screws  with  which  it  is  to  be  fastened  may  be  boated  after 
the  steel  point  has  been  driven  in  a  little,  [and  the  screws]  may  be  turned  till 
the  whole  is  sufficiently  fastened :  but  if  upon  turning  the  screws,  the  lower 
joint  of  the  rod  should  deviate  from  the  edge  of  the  small  arc,  or  the  middle 
division,  it  may  be  brought  to  correspond  with  either,  by  putting  a  small 
wedge  behind  the  back  or  under  the  foot  of  the  clock,  as  the  case  may  re- 
quire, and  then  the  whole  must  be  screwed  fixed.  N.  B.  The  pieces  of  wood 
that  enclose  the  bob  must  not  be  loosened  till  the  clock  is  placed  nearly  in  its 
proper  situation,  and  before  they  can  be  taken  away  the  small  arc  must  be 
taken  off,  and  afterwards  screwed  on  again. 

The  bob  of  the  pendulum  may  1m?  reduced  to  the  same  distance  from  the 
point  of  suspension,  (as  when  it  was  tried  at  Greenwich.)  if  the  upper  edge 
of  it  be  brought  to  the  mark  that  is  made  on  the  square  part  of  the  rod,  and 
the  nut  at  the  bottom  of  the  bob  be  turned  till  the  index  points  at  the  divi- 
sion where  it  stood  at  Greenwich. 

After  the  clock  has  gone  for  several  days,  and  been  compared  with  the 
sun  or  stars,  so  that  you  can  well  determine  how  much  it  loses  in  a  sidereal 
day,  the  l>ob  may  be  let  down  so  much  as  will  lie  necessary  to  make  it  go 
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nearly  solar  time,  at  Bencoolen.  N.  B.  One  turn  of  the  nut  will  alter  the 
going  of  the  clock  about  28"  per  day,  each  whole  division  on  the  nut  corre- 
sponding to  about  1"  per  day.  While  the  clock  is  going  with  the  same  length 
of  the  pendulum  as  it  did  at  Greenwich,  notice  should  be  taken  every  day  at 
what  division  [the]  quicksilver  stands  in  the  small  thermometer,  which  is  to 
be  hung  within  the  clock  case.  N.  B.  It  will  be  proper  to  set  down  how 
many  turns  of  the  nut,  and  how  many  divisions  you  alter  it,  in  order  to  bring 
the  clock  to  go  nearly  solar  time  at  Bencoolen.  N.  B.  The  bob  will  require 
to  be  let  down  about  three  revolutions  of  the  nut,  to  make  it  go  solar  time  at 
Bencoolen.  It  may  be  most  convenient  to  adjust  your  clock  to  go  solar  time, 
if  you  compare  its  motion  by  equal  altitudes  of  the  sun.  And  when  the  equal 
altitudes  are  taken  of  the  stars  whose  right  asc.  are  given,  you  will  find  how 
much  the  clock  is  too  fast  or  too  slow  for  solar  time,  by  comparing  the  time 
of  the  star's  passage  over  the  meridian  with  its  right  asc,  and  that  of  the 
sim's  computed  for  the  meridian  of  Bencoolen. 

As  the  exact  time  of  the  first  contact  of  the  limbs  of  the  sun  and  Venus  is 
somewhat  uncertain,  you  must  begin  to  look  for  it  some  time  before  the 
earliest  compu[ta]tion  gives  it,  which  is  about  T  after  nine  of  the  clock  in 
the  morning  of  the  sixth  day  of  June;  and  if  both  telescopes  can  be  made  use 
of,  and  either  observer  should  have  occasion  to  alter  much  the  position  of  his 
telescope,  the  other  ought  to  avoid  altering  his  at  the  same  time,  that  one  at 
least  may  always  be  looking  on  that  part  of  the  sun's  limb  where  the  first 
contact  will  happen.  By  computation  the  first  contact  will  be  about  48"  from 
the  apparent  lower  limb  on  the  right  hand,  or  near  the  middle  point,  between 
the  vertical  circle  passing  through  the  sun's  centre,  and  an  horizontal  line 
passing  through  the  same.  Venus  entering  the  sun's  disc  on  its  following 
limb  more  southerly  than  the  parallel  to  the  equator  drawn  through  the 
sun's  centre. 
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SIR, 

I  SEND  you  the  following  account  of  our  observations  of  the  sun's  eclipse, 
November  27,  1722. 

The  day  preceding  being  Monday,  November  26th,  several  observations 
were  made  of  the  altitudes  of  stars  on  the  prime  vertical  in  the  east  for  the 
more  exact  correction  of  the  clocks ;  and  by  many  repeated  observations  of 
the  Lucida  Pleiadum,  and  the  Clara  Pedis  Aust.  Auriga*,  none  of  them  giv- 
ing the  time  above  6"  or  7"  different  from  any  other,  it  was  discovered  that 
about  six  o'clock  that  evening  the  clock  was  two  minutes  and  about  nineteen 
seconds  too  slow  for  mean  time. 

The  evening  after  the  eclipse  the  like  observations  were  again  repeated,  and 
it  having  been  all  this  day,  and  for  some  time  before,  a  very  bitter  cold  frost, 
the  clock  was  then  found  to  gain  in  the  space  of  twenty  four  hours  about  7"  of 
mean  time,  and  the  error  was  found  on  the  27th,  at  six  at  night,  two  minutes 
and  about  twelve  seconds;  so  that  I  fix  the  true  error  of  the  clock,  at  the  time 
of  the  eclipse,  to  have  been  about  2'  15"  too  slow,  and  by  this  the  following 
observations  are  all  corrected. 

Tun*  l)v  Tnw  linn 

tin-  eL  N-k .  time. 

A.  M.  11  30  0    11  32  15   The  sun's  body  was  viewed  with  a  twenty-two 

foot  telescope,  and  a  small  spot  was  observed 
upon  the  west  limb  thereof. 
12  32  0  12  34  15  An  accident  happening  this  very  morning  to 
my  micrometer,  I  could  not  very  exactly  deter- 
mine the  situation  of  this  spot;  however,  mea- 
suring it  as  accurately  as  we  could,  we  found  its 
declination  was  about  14',  or  rather  less,  south  of 
the  north  limb  of  the  sun;  and  about  18',  or 
rather  more,  north  of  the  south  limb;  and  it 
preceded  the  west  limb  in  right  ascension  not 
quite  one  minute,  about  :S  in  time. 
1  23  0     1  25  15    Till  this  time  we  had  some  flying  clouds,  and 
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then  the  eclipse  was  begun,  and  I  judged  above  half  a  digit  was  covered. 
The  micrometer  not  being  in  so  good  order  as  I  wished,  I  determined  to 
make  my  observations  mostly  with  the  cross  and  diagonal  hairs,  which  you 
know  I  make  use  of,  and  need  not  explain  to  you. 

In  all  my  observations  I  made  the  preceding  or  western  cusp  run  along 
the  parallel  of  right  ascension,  and  it  passed  alway  at  the  centre  of  my  cross 
hair,  so  that  in  all  cases  the  seconds  lapsed  between  its  passage  and  the  pas- 
sage of  any  other  point  over  the  perpendicular,  do  duly  reduced  express 
their  difference  of  right  ascensions ;  and  the  seconds  lapsed  between  the  pas- 
sage of  the  said  perpendicular  by  any  other  point  and  the  passage  of  the 
same  iJoint  over  any  of  the  diagonals  north  or  south,  do  in  like  manner,  duly 
reduced  express  the  difference  of  declination  of  the  said  point  from  the  said 
preceding  or  west  cusp. 

First  Phasis. 

Tnir 


1  32  22    1  34  37    The  preceding  or  west  cusp  running  along  the 
parallel  of  right  ascension,  crosses  the  perpendi- 
cular at  the  centre. 
59       35   4    The  last  or  east  cusp  passes  perpendicular. 

The  last  cusp  passes  the  south  diagonal. 

Second  Phasis. 

1  41  31  1  43  46  The  preceding  cusp  passes  perpendicular. 

42  21  44  36  The  last  cusp  passes  perpendicular. 
38  53  The  last  cusp  passes  south  diag. 

43  43  45  58  The  spot  passes  the  first  south  diag. 
47  46   2  The  spot  passes  the  perp. 

51  6  The  spot  passes  the  second  south  diag. 

Third  Phasis. 

The  eclipse  advancing,  the  west  or  preceding  cusp  gained  very  fast  to  the 
northwards,  so  that  now  the  last  or  east  cusp  was  considerably  southward 
thereof,  and  the  spot  passed  the  perpendicular  now  before  the  last  cusp  could 
attain  to  the  south  diagonal. 

1  56  26    1  58  41    The  preceding  cusp  passes  perpendicular. 

57  40       59  55    The  last  cusp  passes  perp. 

58  37    2   0  52    The  spot  passes  the  first  S.  diag. 
40  55    The  spot  passes  perp. 
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Time  by        Tni*  mran 
the  clock.  time. 

1  58  43    2   0  58    The  spot  passes  second  S.  diag. 

57        1  12    The  last  cusp  passes  the  S.  diag. 

Fourth  Phasis. 

2  3  10    2   5  25 

The  distance  of  the  cusps  was  taken  grossly  by  the  micrometer,  and  the 
mark  was  at  55  rev.  40pts.  =  and  about  this  time  the 

was  nearly  in  the  same  declination  with  the  spot. 

FiRh  Phasis. 

The  preceding  cusp  was  now  got  to  the  southward  of  the  spot. 


2   5  44 

2   7  59 

The  preceding  cusp  passes  perp. 

7  14 

9  29 

The  last  cusp  passes  perp. 

58 

10  13 

The  spot  passes  the  first  N.  diag. 

8  0 

15 

The  spot  passes  perp. 

2 

17 

The  spot  passes  the  last  N.  diag. 

21 

36 

The  last  cusp  passes  the  S.  diag. 

Sixth  Phasis. 

2  19  42 

2  21  57 

The  distance  of  the  cusps  was  taken  again 

grossly  by  the  micrometer  59  rev.  lOpts.  = 

Seventh  Phasis. 

About  this  time  was  the  greatest  obscuration. 

2  32  32 

2  34  47 

The  first  cusp  passes  the  perp. 

34  36 

36  51 

The  last  cusp  passes  perp. 

38 

53 

The  last  cusp  passes  the  S.  diag. 

43 

58 

The  spot  passes  the  perp. 

35  25 

37  40 

The  spot  passes  the  last  N.  diag. 

Eighth  Phasis. 

2  37  0 

2  13  15 

At  this  time  the  cusps  were  nearly  in  the  same 

(1  CC'l]  II  fit  10 11 1 

Ninth  Phasis. 

The  last  cusp  now  north  of  the  first. 

2  39  16 

2  41  31 

The  preceding  cusp  passes  perp. 

41  16 

43  31 

The  last  cusp  passes  the  perp. 

18 

33 

The  spot  passed  the  perp. 

34 

49 

The  last  cusp  passes  the  N.  diag. 

42  10 

44  25 

The  spot  passes  the  N.  diag. 
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Tenth  Phasis. 

Time  by        True  menu 
the  dock.  time. 

2  44  0    2  46  15    At  this  time  the  spot  and  the  last  cusp  had 
nearly  the  same  right  asc. 

Eleventh  Phasis. 

2  49  15    2  51  30    The  preceding  cusp  passes  perp. 

51  2      53  17    The  spot  passes  the  perp. 

3  18    The  last  cusp  passes  the  perp. 

44  59    The  last  cusp  passes  the  N.  diag. 

52  7       54  22    The  spot  passes  the  N.  diag. 

Twelfth  Phasis. 

The  sun  growing  very  low,  and  appearing  very  tremulous  from  the 
vapours  of  the  horizon,  I  gave  over  making  these  observations  with  the 
cross  hairs  and  twelve  foot  tube,  and  I  put  out  an  excellent  22f.  glass  in 
the  garden,  where  I  could  see  within  2"  of  the  horizon,  in  order  to  observe 
exactly  the  end,  which  I  saw  with  great  exactness. 

3  19   0    3  21  15    By  estimation  near  two  digits  were  still  covered. 
25  0      27  15    Now  we  judged  not  quite  a  digit  was  covered. 
32  15      34  30    The  eclipse  was  ending,  but  still  visible. 

20  35    Certainly  ended. 

I  wonder  you  did  not  see  the  rockets,  they  all  succeeded  very  weU,  and 
were  fired  as  follows,  on  the  stone  which  you  know  I  have  on  the  garden 
wall  for  rectifying  my  meridional  instrument. 

First       5  56  47  by  the  clock.        Fifth      17  24  5  by  the  clock. 
Second     6  2   1  Sixth      22  36 

Third  6  54  Seventh  27  34  5  bad. 

Fourth       12  5  6  Eighth    32  29 

I  will  have  some  more  fired  in  a  little  time  on  Richmond-hill,  which  may 
be  you  may  see.    I  have  not  yet  heard  where  they  were  seen. 

I  am,  sir,  your  most  humble  servant, 
1st  December,  1722.  &  MOLYNEUX. 


m*m  There  is  no  direction  to  this  letter.  At  the  end  of  it  there  are  some  numbers  of 
Bradley's,  but  above  them  there  are  others  in  Pound's  handwriting.  It  may  therefore 
have  been  written  to  Pound,  and  have  passed  with  his  other  papers  into  the  hands  of  his 
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[To  the  Rev.  Mr.  Professor  Bradley.] 

Dear  Sib,  London'       15' 17S2' 

HAVING  had  an  account  of  the  success  of  our  experiment  at  Jamaica  by 
Mr.  Harris,  whose  ill  state  of  health  obliged  him  to  return  to  England,  I 
believe  you  will  not  take  it  amiss  to  be  acquainted  with  the  simple  fact,  till 
all  the  circumstances  of  the  observations  are  put  into  your  hands.  When 
the  pendulum  was  reduced  to  the  same  length  it  had  here,  saving  what  was 
owing  to  the  differences  of  heat,  it  went  slower  there  than  at  London  two 
minutes  and  about  Bix  seconds  in  a  sidereal  day;  it  was  observed  from  the 
22d  of  January  to  the  20th  of  February  with  great  care  and  exactness.  If 
you  would  have  a  copy  of  the  observations  sent  you  to  Oxford,  be  pleased  to 
let  me  know,  for  I  have  one  by  me ;  Mr.  Harris  has  the  original,  which  you 
will  have  when  you  come  to  town. 

I  am  sir,  your  most  humble  servant, 

GEORGE  GRAHAM. 


[To  Mr.  Graham.] 

Dear  Sib.  0xfon!'  Ju*  18th'  17S2- 

I  AM  glad  to  hear  that  the  experiment  has  succeeded  so  well  in  Jamaica, 
and  could  have  wished  Mr.  Harris's  health  had  permitted  him  to  have  made 
a  longer  stay :  I  hope  the  like  misfortune  does  not  attend  Mr.  Campbell. 

The  account  you  have  favoured  me  with  seems  to  confirm  sir  Isaac  New. 
tons  opinion,  grounded  on  the  like  observations,  that  the  equatorial  parts  of 
the  earth  are  somewhat  higher  than  the  computation  from  the  theory  of 
gravity  makes  them,  upon  the  supposition  of  an  uniform  density. 

I  should  be  much  obliged  to  you  for  a  more  particular  account  of  the  cir- 
cumstances of  the  observations,  and  also  of  the  state  of  Mr.  Hauksbee's  ther- 
mometers in  the  greatest  degrees  of  heat  and  cold  of  our  climate. 

I  doubt  not  but  you  have  observations  by  you  proper  to  determine  the 
greatest  alteration  that  our  summers  heat  and  winter's  cold  can  occasion  in 
the  going  of  a  clock;  which,  joined  with  the  other  particulars,  would  probably 
be  sufficient  to  settle  this  matter,  so  as  to  leave  little  room  for  any 
dispute  about  it. 
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I  would  willingly  see  what  the  result  of  the  whole  will  be  before  I  have 
the  pleasure  of  meeting  you  in  London,  which  may  not  be  till  towards  the 
end  of  August.  If  the  copy  of  the  observations  be  too  long  for  a  post-letter, 
Mr.  Innys  can  convey  any  papers  to  me  with  safety. 

I  am,  sir,  your  most  obliged  humble  servant, 

J.  BRADLEY. 


[To  the  Rev.  Mr.  Professor  Bradley.] 
SlR  London,  July  22,  1732. 

I  HAVE  sent  you  the  copy  of  the  observations  I  had  of  Mr.  Harris ;  he 
would  have  given  me  the  original,  but  I  desired  him  to  keep  it  in  his  own 
hands  till  he  should  see  you.  I  shall  in  a  week's  time  send  you  some  account 
of  the  thermometer  here,  by  which  you  will  better  judge  of  the  difference 
between  the  two  places.  My  present  opinion  is,  that  the  clock  could  not  go 
above  10"  slower  there  than  here. 

I  am,  dear  sir,  your  most  humble  servant, 

GEORGE  GRAHAM. 


[To  the  Rev.  Mr.  Professor  Bradley.] 

Dear  Sib,  Ju]y  25'  1732 

I  SHALL  now  put  down  the  reasons  upon  which  I  grounded  my  conjec- 
tures, that  the  difference  of  heat  could  not  cause  the  clock  to  go  above  ten 
seconds  slower  at  Jamaica  than  at  London.  The  spirit  thermometer  that 
was  sent  to  Jamaica  with  the  clock  was  numbered  downwards,  so  that  the 
higher  the  number  the  colder.  When  it  hung  in  my  room,  two  pair  of  stairs 
next  the  street,  which  frouts  the  south,  and  where  a  fire  was  constantly  kept 
every  day,  and  the  time  it  was  observed  was  after  the  fire  was  made,  must 
have  caused  it  to  stand  higher  than  it  would  if  it  had  been  placed  in  the 
north  side  of  the  house  and  near  no  fire.  In  January  1730,  it  was  at  65J, 
which  was  the  lowest  I  observed  it  at;  and  my  quicksilver  therm,  at  24 
below  the  temperate  point.  May  9,  1731,  the  spirit  therm,  was  at  28£,  and 
the  quicksilver  one  at  16,  above  temperate.  After  this  day  I  kept  no  account 
of  the  spirit  therm,  whilst  it  hung  in  the  fore-room,  for  I  had  then  taken 
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down  the  clock  to  finish  the  dial-plate  of  it,  and  had  placed  it  in  the  hack-room 
to  prevent  the  pendulum  from  being  disturbed  by  the  coaches.  You  have  in  the 
paper  I  gave  you  the  mean  height  of  the  therm,  in  the  back-room  at  the 
time  I  observed  the  transits  of  the  star,  which  was  28^.  The  mean  of  the 
quicksilver  therm.,  for  the  ten  days  the  clock  was  observed,  was  22£  above : 
from  the  proportionate  changes  of  the  two  thermometers,  the  spirit  one 
would  have  stood  at  22$  if  it  had  lieen  in  the  fore-room.  August  1st,  the 
quicksilver  therm,  was  at  36£ ;  by  the  same  proportion  the  spirits  would 
have  been  at  11  in  the  same  room.  To  find  the  proportionate  alterations  of 
the  two  thermometers,  I  took  the  mean  heights  of  twenty  days  for  each, 
which  were  23,6  to  20,6 ;  and  then  the  mean  of  five  days  for  each,  which 
were  36,54  to  32 ;  which  two  proportions  are  nearly  the  same.  I  never  had 
the  opportunity  of  observing  one  of  Mr.  Hauksbee's  thermometers  before ; 
that  which  I  had  made  use  of  before  for  above  twenty  years  made  a  very 
different  scale  from  his,  and  which  was  broke  a  few  years  ago  by  an  acci- 
dent. The  alteration  from  65  to  11  is  54  divisions,  and,  had  it  been  in  a 
room  without  a  fire,  I  believe  it  would  have  been  lower  above  six  divisions. 

As  30"  a  day  is  the  most  that  I  have  observed  a  clock  to  alter  when 
exposed  to  great  degrees  of  heat  and  cold,  I  am  of  opinion,  that  allowing  one 
second  of  time  for  two  divisions  of  the  thermometer  is  somewhat  too  much, 
but  cannot  differ  much  from  the  truth.  Should  we  therefore  allow  the  mean 
height  at  Jamaica  to  be  about  8  or  9,  which  I  think  is  manifestly  too  much  ; 
there  would  be  a  difference  of  20  divisions  between  the  two  places,  which  at 
2"  to  a  division  would  amount  to  10"  in  time.  I  observe,  that  in  the  paper 
I  sent  you,  the  heights  of  the  thermometer  in  the  morning,  about  the  same 
hour,  differ  not  above  fiix  divisions ;  and  the  mean  of  the  morning  and  even- 
ing heights  is  about  13  for  the  whole  time.  Mr.  Harris  tells  me  the  nights 
are  cool,  especially  about  four  o'clock  in  the  morning ;  but  the  heat  in  the 
day  exceeds  the  cold  of  the  night,  which  inclines  me  to  think  we  should 
estimate  the  mean  of  the  whole  about  ten  or  eleven  divisions. 

As  Mr.  Campbell  continues  to  observe  the  clock  and  thermometer,  we  may 
be  better  enabled,  by  the  next  account  he  sends  us,  to  determine  this  affair ; 
however,  we  cannot  be  mistaken,  I  think,  above  4  or  5  seconds  at  most. 

Mr.  Machin  was  with  me  the  other  day  to  inquire  about  this  experiment, 
and  told  me  that  sir  Isaac  Newton  would  have  been  much  pleased  with  it 
had  he  been  living.  Mr.  Campbell,  in  his  letter  to  me,  gives  his  service  to 
you  in  a  very  particular  manner,  and  tells  me  he  has  not  had  so  much  as  the 
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headache  since  he  arrived  at  Jamaica,  and  is  much  concerned  that  the  place 
disagreed  so  with  Mr.  Harris.  They  had  just  finished  their  observatory 
about  a  week  before  my  clock  got  there,  so  that  every  thing  was  ready  for 
making  the  observations  as  soon  as  they  received  it;  and  no  care  seems  to 
have  been  wanting  on  their  part. 

I  am,  sir,  your  most  humble  servant, 

GEORGE  GRAHAM. 


[To  the  Rev.  Mr.  Bradley.] 
Sm  London,  July  31st,  1732. 

I  AM  now  going  out  of  town,  and  having  spoke  to  Mr.  Graham,  he  ad- 
vised me  to  leave  these  observations  we  made  at  Jamaica,  relating  to  the 
clock,  sealed  up  for  you.  You  have  the  rough  journal  just  as  we  kept  it ; 
perhaps  some  of  the  notes  in  these  papers  may  be  incorrectly  written,  but 
my  ill  state  of  health  at  Jamaica  would  not  permit  me  to  be  more  accurate 
therein,  though  I  took  care  that  the  materials  are  strictly  exact ;  and  I  beg 
leave  to  assure  you  that  these  observations  were  made  with  the  utmost  care. 

I  hope,  sir,  to  see  you  in  town  before  these  are  laid  before  the  society. 
Mr.  Campbell  hinted  it  to  me,  if  something  should  be  said  in  favour  of  what 
we  have  done,  it  would  be  of  some  sanction  to  him  in  that  part  of  the  world 
where  astronomy  is  in  but  little  esteem. 

We  made  some  few  observations  of  the  eclipses  of  Jupiter's  first  satellite.  I 
shall  look  them  all  out  when  I  come  to  town.  In  the  mean  time  I  beg  leave 
to  subscribe  myself, 

Sir,  your  most  obedient  humble  servant, 

JOSEPH  HARRIS. 

Mr.  Campbell  desired  his  service 
to  you,  and  thanks  for  the  favours 
we  received  at  Wansted. 


[To  the  Rev.  Mr.  Bradley.] 

c  Tower-street,  London,  Nov.  24, 1733. 

dear  sir, 

I  WAS  very  sorry  that  I  did  not  see  you  when  last  in  town,  because  I 
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wanted  very  much  to  have  conversed  about  the  experiment  made  in  Jamaica, 
which  I  hear  you  have  considered,  as  indeed  J  have  also  done.  If  the  pen- 
dulum went  slower  there  than  here  by  9!  6"  in  a  sidereal  day,  and  only  9"  or 
10"  are  to  be  allowed  for  the  lengthening  of  it  by  heat,  as  Mr.  Graham  tells 
me,  thence  it  would  follow  that  the  earth's  diameters  are  as  189  to  190,  or 
thereabouts,  in  which  case  the  force  of  gravity  at  the  equinoctial  would  be  to 
the  centrifugal  force  as  237£  is  to  unity;  which  is  impossible,  unless  the 
diameter  of  the  earth  were  above  9000  miles,  and  that  differs  so  much  from 
the  measures  of  Norwood,  Picart,  and  Cassini,  that  it  cannot  be  admitted, 
nor  consequently  the  experiment  from  whence  it  is  deduced :  and  besides,  I 
can  prove  from  undoubted  observations  in  astronomy,  that  Cassini's  measure 
is  very  near  the  truth,  for  the  diameter  of  the  earth  can  be  found  surer  by 
them  than  by  any  actual  mensuration.  If  29"  could  be  allowed  for  the 
lengthening  of  the  pendulum  by  heat,  this  experiment  made  at  Jamaica 
would  agree  with  other  things,  but  Mr.  Graham  says  that  he  cannot  allow 
that  by  any  means.  I  am  very  far  from  thinking  that  the  experiment  was 
not  exactly  made,  and  indeed  a  greater  absurdity  would  follow  from  Richer's 
experiment  made  in  the  island  of  Cayenne,  which  is  the  only  one  that  can  be 
depended  on,  which  is  mentioned  in  sir  Isaac's  Principia. 

Although  I  have  treated  of  the  problem  about  the  figure  of  the  earth  in  a 
manner  which  is  new,  yet  I  am  still  obliged  to  suppose  the  figure  of  it  to  be 
an  exact  spheroid,  and  although  I  be  sensible  that  this  supposition  is  not 
sufficient  to  determine  the  number  of  vibrations  to  8"  or  9"  in  a  day,  yet  I 
know  that  the  error  cannot  be  so  great  as  the  Jamaica  experiment  makes  it. 
If  Mr.  Graham  be  certain  that  not  above  10"  can  be  allowed  for  the  heat,  it 
is  as  certain  either  that  the  mountains  have  a  seusible  effect  on  the  pendu- 
lum, or  some  other  thing,  which  will  render  the  experiment  entirely  pre- 
carious. 

I  find  that  sir  Isaac  in  his  3d  edit.  Princip.  mentions  three  observations  of 
Dr.  Pound,  which  make  Jupiter's  diameter  about  87";  I  want  to  know  if  that 
be  the  greatest  diameter  of  Jupiter;  because  if  it  be,  then  the  lesser  would  be 
about  84",  which  would  make  too  great  an  odds  in  the  thing  for  which  I 
want  it.  And  I  should  be  glad  to  know  if  you  can  help  me  to  any  observa- 
tion which  ascertains  the  moon's  middle  distance  from  the  earth,  which  I 
could  depend  more  on  than  the  common  ones ;  if  you  could  inform  me  of 
these  things,  I  should  be  able  quickly  to  make  an  end  of  what  I  shall  say 
about  the  figure  of  the  earth,  which  I  would  the  more  willingly  do,  because 
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not  only  Mairan,  but  also  Hugens,  Herman,  and  Maupertuy,  have  all  of 
them  entirely  mistaken  the  matter.  I  heartily  wish  you  all  happiness,  and 
the  sooner  I  hear,  the  more  you  will  oblige, 

Sir,  your  most  humble  servant, 

J.  STIRLING. 


[To  Mr.  Stirling.]  1733. 

Dear  Sin, 

WHEN  I  was  last  in  London,  an  unexpected  accident  obliged  me  to  re- 
turn hither  sootier  than  I  intended,  and  hindered  me  of  the  pleasure  of  wait- 
ing on  you,  which  I  purposed  to  have  done,  having  been  infonned  that  you 
were  then  examining  into  the  dispute  concerning  the  figure  of  the  earth. 
Not  that  I  had  much  more  to  tell  you,  than  what  is  contained  in  the  account 
of  the  Jamaica  experiment,  which  I  left  with  Mr.  Graham,  wherein  I  have 
stated  the  fact  as  well  as  I  could,  and  made  such  allowance  for  the  lengthen- 
ing of  the  pendulum,  as  fonner  olwervations  and  experiments  would  warrant; 
and  the  result  of  all  seemed  to  be  that  the  clock  went  1'  58"  per  diem  slower 
in  Jamaica  than  at  London.  I  allowed  only  8"J  on  account  of  the  different 
degrees  of  heat,  having  no  authority  from  former  experiments  to  make  any 
greater  abatement;  so  that  I  apprehend  this  retardation  of  the  clock  (so 
much  greater  than  what  is  derived  by  computation  founded  on  the  principles 
of  gravity,  and  an  uniform  density  in  the  several  parts  of  the  earth)  must  be 
rather  ascribed  to  an  inequality  in  the  density  of  the  parts  of  the  earth  near 
which  the  clock  is  fixed,  than  to  the  greater  heat.  As  the  greatest  part  of 
the  force  of  gravity  upon  any  particular  body  arises  from  the  parts  of  the 
earth  that  are  near  it,  (the  action  of  remote  particles  being  very  small,)  does 
it  not  thence  seem  likely  that  a  body  placed  over  or  near  a  great  quantity  of 
rarer  matter,  as  water,  will  not  be  attracted  with  so  great  force  as  if  it  were 
in  the  midst  of  a  large  quantity  of  denser  matter,  as  in  a  great  tract  of  land ; 
and  may  it  not  thence  follow,  that  in  the  same  latitudes  clocks,  when  placed 
on  continents  and  islands,  or  on  larger  and  smaller  islands,  will  not  go  alike ; 
or  may  not  mountains,  (as  you  observe,)  according  as  they  are  made  up  of  mat- 
ter more  or  less  dense,  contribute  something  towards  such  inequalities  ?  Upon 
this  account  'twill  be  necessary  to  have  a  greater  variety  of  exact  experi- 
ments made  in  different  places,  both  in  the  same  and  different  latitudes ;  and 
I  have  therefore  in  forementioued  paper  proposed  to  have  the  experiment 
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repeated  in  several  places,  in  order  to  discover  whether  the  density  of  the 
different  regions  be  uniform  or  not,  for  till  that  point  is  a  little  settled,  we 
may  be  at  a  loss  to  assign  the  true  cause  of  this  difference  between  the  theory 
and  experiment. 

As  to  the  diameters  of  Jupiter,  I  find  from  the  mean  of  several  observations 
which  I  made  with  the  Royal  Society's  glass  of  123  feet,  that  the  greater  dia- 
meter is  to  the  less  (both  being  measured  with  a  micrometer)  as  27  to  25.  The 
greatest  diameter  at  Jupiter's  mean  distance  from  the  sun  being  just  39". 
This  is  the  case  when  the  diameter  was  actually  measured  with  the  micro- 
meter, but  by  other  observations  of  the  time  of  the  passage  of  some  of  the 
satellites  over  Jupiter's  disc,  compared  with  their  greatest  elongations  taken 
with  a  micrometer,  the  greatest  diameter  comes  out  37"  or  88",  the  difference, 
as  I  conceive,  arising  from  the  dilatation  of  light. 

As  to  observations  proper  to  determine  the  mean  distance  of  the  moon 
from  the  earth,  having  never  made  any  myself  with  that  view,  I  can  give 
you  no  assistance  therein ;  but  I  believe  Mr.  Machin  has  examined  that 
point,  and  fixed  it  with  all  the  accuracy  that  the  best  observations  we  have 
would  allow  him  to  do  it. 

You  should  have  had  my  answer  sooner,  but  that  I  was  engaged  in  a 
course  of  lectures ;  upon  the  conclusion  of  which,  I  took  the  first  opportunity 
of  assuring  you  that  I  am  with  great  respect, 

Sir,  your  obedient  humble  servant, 

J.  B. 


[To  Dr.  Smith  at  Cambridge  ] 

SIR, 

I  AM  sorry  it  has  so  happened  that  I  could  not  give  a  more  speedy 
answer  to  your  letter,  which  I  received  a  little  before  I  came  from  Oxford  to 
this  place;  I  had  purposed  soon  after  my  arrival  here  to  write  to  you,  but 
was  unhappily  prevented  by  the  sickness  and  death  of  a  young  gentleman  of 
the  family  I  am  now  in,  upon  which  occasion  I  was  obliged  to  go  for  some 
days  into  Berkshire.  But  lest  a  longer  delay  should  prove  any  disappoint- 
ment to  you,  I  embrace  the  first  opportunity  I  have  of  telling  you  the  occa- 
sion of  it. 

I  heartily  wish  I  were  now  able,  though  thus  late,  to  give  you  a 
satisfactory  account  of  the  particulars  you  inquire  about ;  but  fear  what  I 
can  say  upon  the  method  of  grinding  and  polishing  speculums  will  not  be 
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of  much  use  to  you,  having  never  made  any  memoranda  in  writing  concern- 
ing the  practice  with  Mr.  Molyneux.  'Twas  indeed  upon  this  account  that 
I  deferred  answering  your  letter  till  I  came  to  London,  designing  to  have 
consulted  Mr.  Hadley,  who  I  know  is  best  able  to  inform  you,  but  since  that 
would  still  occasion  a  longer  delay,  I  veuture  to  trouble  you  with  such  hints 
as  the  recollection  of  what  we  then  did,  and  my  present  thoughts  upon  the 
method  in  general,  will  suggest  to  me. 

And  first  with  regard  to  the  convex  and  concave  plates,  mentioned  as 
necessary  for  grinding  and  polishing  the  speculum  ;  though  Mr.  Molyneux 
used  brass  or  marble,  yet  I  believe  a  mixed  metal,  nearly  of  the  same  kind 
with  that  of  the  speculum  itself,  or  a  little  coarser,  would  be  much  more 
easily  worked  into  the  required  figure  than  brass,  and  would  retain  its  figure 
better  than  marble,  which  might  perhaps  be  somewhat  affected  by  different 
degrees  of  moistness,  &c. 

Upon  a  convex  plate  of  the  same  kind  of  mixed  metal  I  should  likewise 
advise  the  blue  stones  to  be  cemented ;  and  if  their  figure  were  restored  by  a 
large  concave  plate  of  the  same  mixture  it  might  not  be  improper ;  though 
this  last  I  think  almost  needless,  since  the  speculum  itself  will  keep  the  figure 
of  the  stones  as  it  ought  to  Ik?,  by  varying  the  stroke  of  the  hand,  as  is  men- 
tioned in  the  account  you  have  sent  me;  only  care  must  be  taken  that  this  be 
done  very  gradually,  otherwise  the  figure  of  the  speculum  will  not  be  truly 
spherical. 

I  think  there  can  be  no  doubt  but  that  a  convex  plate  of  the  same  mixed 
metal  will  be  likewise  very  proper  to  fix  the  sarcenet  on  for  the  last 
polisher;  for  the  figure  of  this  must  be  as  true  as  can  be  made,  and  not  liable 
..o  alteration.  Mr.  Hadley,  as  I  remember,  made  use  of  a  large  piece  of  glass 
for  this  purpose,  but  'tis  not  easy  to  procure  glass  large  enough,  and  there- 
fore I  should  recommend  the  sort  of  bell-metal  as  before  mentioned.  And 
the  last  polisher  being  once  made  in  the  manner  you  descril>e,  (with  sarcenet 
daubed  over  with  a  pretty  good  coat  of  the  solution  of  pitch,)  its  figure  is 
supposed  to  be  constantly  the  same,  and  that  of  the  speculum  must  be  altered 
by  grinding  it  upon  the  blue  stones  always  till  it  agrees  with  the  polisher, 
which  is  easily  effected  by  the  different  stroke  of  the  hand,  so  that  the  plate 
for  the  last  polisher  should  properly  he  first  of  all  finished;  and  for  this  pur- 
pose it  might  be  convenient  to  have  a  concave  plate,  and  blue  stones  to  finish 
it  with;  and  perhaps  the  same  concave  stones  would  give  the  truest  figure  to 
the  polisher,  if  the  pitch  on  the  sarcenet  were  laid  on  thicker  than  ordinary. 
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and  then  ground  with  them.  The  figure  of  these  concave  stones  may  be 
kept  the  same,  or  altered  at  pleasure,  by  grinding  them  with  the  convex 
stones,  at  least  this  method  may  Ik*  hinted  at  for  giving  a  true  figure  to  the 
polisher,  after  you  have  described  that  with  soap  aud  putty,  which  Mr.  Moly- 
neux  used. 

As  to  the  last  article,  about  making  use  of  a  bruiser  every  time  fresh  putty 
is  put  upon  the  pitch,  there  will  be  no  occasion  for  it,  provided  the  putty  be 
very  fine  and  well  washed,  and  there  be  a  pretty  thick  body  of  pitch  on  the 
sarcenet ;  neither  in  this  case  will  it  be  necessary  towards  the  last  to  let  the 
polisher  grow  dry,  or  wet  it  only  with  breathing,  for  it  may  be  continually 
kept  very  wet,  and  the  lustre  will  increase  as  far  as  the  hardness  of  the 
metal  will  permit  it.  'Tis  best  to  put  but  a  little  putty  at  each  time,  and 
not  to  hasten  on  the  polish  too  fast;  for  much  putty  will  spoil  the  figure 
of  the  speculum.  When  the  polisher  is  kept  very  wet,  it  does  not  require  so 
much  force  to  move  the  speculum  as  is  intimated  in  your  last  paragraph,  for 
then  a  speculum  of  five  or  six  inches  may  be  moved  without  the  help  of  the 
engine  described  before,  though  the  use  of  it  even  in  such  speculums  may  be 
very  convenient.  If  these  hints  may  be  of  use  to  you,  be  pleased  to  conceal 
the  name  of  the  author  of  them,  and  you  will  very  much  oblige. 

If  upon  talking  with  Mr.  Hadley 
I  learn  that  he  has  any  thing  of  more 
use  to  communicate  to  you  on  this 
subject,  I  shall  desire  he  will  do  it 
as  soon  as  possible. 

If  you  think  proper  to  make  any  alteration  in  the  directions  that  you  have 
already  drawn  up,  and  to  insert  any  of  the  particulars  that  I  have  now  inti- 
mated to  you,  I  desire  it  may  be  without  mentioning  from  what  hand  you 
had  them,  and  you  will  much  oblige  your 

«%  Bradley 's  letters  arc  printed  from  the  rough  copies  which  he  kept  of  them :  this 
will  account  for  the  omissions  with  respect  to  signature,  dates,  and  directions.  In  the 
present  instance  however  it  may  be  collected  from  what  is  said  in  the  beginning,  that 
it  was  probably  written  from  Wansted  in  the  beginning  of  1733.  For  Matthew,  the 
son  of  Bradley's  friend,  Mr.  Wymondesold,  died  December  24, 1732,  and  was  buried  at 
Lockinge,  near  Wantage. 
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[To  Mr.  Professor  Bradley.] 

De  Paris,  27  Sept.  N.  S. 
g1H^  rue  Ste.  Anne,  quarter  St.  Roch. 

THE  rank  you  hold  among  the  learned,  and  the  great  discoveries  with 
which  you  have  enriched  astronomy,  oblige  me  to  give  you  an  account  of  the 
success  of  an  undertaking  wherein  the  sciences  are  much  interested,  even  if  I 
were  not  inclined  to  do  it  through  the  desire  which  I  have  of  the  honour  of 
your  acquaintance,  on  account  of  the  part  you  bear  in  our  work  itself;  we 
being  indebted  for  a  principal  part  of  the  accuracy  thereof  to  an  instrument 
made  upon  the  model  of  yours,  and  towards  the  construction  of  which,  I 
understand,  you  were  pleased  to  give  your  assistance. 

I  shall  therefore,  sir,  do  myself  the  honour  to  tell  you,  that  we  are  now 
returned  from  the  voyage  (which  we  made  by  order  of  the  king)  to  the  polar 
circle.  We  have  had  so  much  good  fortune  as  to  be  able  (notwithstanding 
the  rigour  of  the  climate)  to  measure  from  Tornea  towards  the  north,  a  dis- 
tance of  55023,47  toises  in  the  meridian. 

A  base  (the  longest  that  has  ever  yet  been  employed  in  this  kind  of  opera- 
tions, and  measured  upon  the  most  smooth  surface,  ice)  was  situated  in  the 
middle  of  eight  triangles,  by  which  we  determined  this  distance.  The  small 
number  of  these  triangles,  and  the  situation  of  this  long  base  in  the  middle 
of  them,  seemed  to  promise  us  a  great  degree  of  exactness,  and  left  us  no 
room  to  fear  that  the  errors  could  considerably  increase  each  other,  as  may 
be  apprehended  in  a  much  longer  series  of  triangles. 

We  afterwards  determined  the  quantity  of  this  arc  by  8  Draconis,  which 
we  observed  at  the  two  extremities,  with  the  sector,  which  you  are  ac- 
quainted with. 

We  observed  this  star  first  at  Kittis,  one  of  the  extremities,  on  the  4th. 
5th,  6th,  8th,  10th  of  October  1736.  Immediately  after,  we  carried  our  sec- 
tor to  Tornea  in  a  boat,  and  with  all  necessary  precaution,  that  there  might 
not  happen  any  alteration  in  it ;  and  we  observed  the  same  star  at  Tornea, 
on  the  1st,  2d,  3d,  4th,  5th  of  November  1736. 

We  found,  by  comparing  the  first  and  last  observations,  that  the  quantity 
of  our  arc  (without  making  any  other  correction  than  what  the  precession  of 
the  equinox  requires)  was  57'  25",07;  but  allowing  the  necessary  correction, 
according  to  your  theory  of  the  aberration  occasioned  by  the  motion  of  light, 
this  quantity  (on  account  of  the  time  lapsed  between  the  middle  of  the  observa- 
tions) ought  to  be  greater  by  1",83;  so  that  our  quantity  should  be  57'  26",9. 


Digitized  by  Google 


CORRESPONDENCE.  405 

We  perceived  immediately  that  a  degree  of  the  meridian  under  the  polar 
circle,  was  much  larger  than  that  which  had  been  measured  formerly  about 
rans. 

About  the  vernal  equinox  of  the  following  year  we  renewed  this  whole 
operation ;  we  observed  at  Tornea  a  Draconis  on  17th,  18th,  and  19th  of 
March  1737,  and  afterwards  we  departed  for  Kittis.  Our  sector  was  carried 
this  time  upon  the  snow  in  a  sledge,  which  went  only  a  foot  pace ;  and  we 
observed  the  same  star  on  the  4th,  5th,  6th  of  April  1737.  We  found  by 
the  observations  at  Tornea,  and  those  at  Kittis,  the  arc  57*  25",19;  to  which 
adding  5",35  for  the  aberration  of  this  star  during  the  time  lapsed  between 
the  middle  of  the  observations,  we  have  for  the  amplitude  of  our  arc  57' 
30",54;  which  differs  from  that  found  by  &,  3"£. 

Taking  therefore  a  mean  between  the  two  (amplitudes),  our  arc  will  be 
57*  28",72;  this,  compared  with  the  distance  measured  upon  the  earth,  makes 
a  degree  57437,1  toises,  which  is  greater  than  the  mean  degree  in  France  by 
377,1  toises. 

We  believed  the  verification  resulting  from  this  agreement  between  our 
two  arcs,  deduced  from  two  different  operations,  (considering  also  the  care 
and  precaution  which  we  took  in  carrying  the  sector,)  was  more  certain  than 
any  other  which  we  could  have  made ;  especially  as  by  the  construction  of 
our  instrument  it  did  not  seem  to  be  designed  to  be  turned  from  side  to  side, 
and  as  we  did  not  want  (for  our  operation)  to  know  exactly  the  point  of  the 
limb  which  corresponds  to  the  zenith. 

We  afterward  verified  the  arc  of  5°£  of  our  instrument,  by  means  of  a 
radius  of  380  toises,  and  a  tangent,  measured  upon  the  ice;  and,  notwith- 
standing the  high  idea  we  had  of  Mr.  Graham's  ability,  we  could  not  but 
with  astonishment  see,  that  taking  the  mean  of  the  observations  made  by 
five  observers,  who  agreed  extremely  well  with  each  other,  the  arc  of  the 
limb  did  not  differ  but  1"  from  what  it  ought  to  have  been  according  to  its 
construction.  In  the  last  place,  we  compared  the  degrees  of  the  limb  with 
each  other,  and  we  were  surprised  to  find,  that  between  the  two  degrees 
which  we  had  made  use  of,  there  was  a  little  inequality  that  did  not  amount 
to  1",  and  which  will  even  bring  the  two  arcs,  which  we  found,  nearer  to 
one  another. 

You  see  then,  sir,  by  actual  measurement,  the  earth  is  an  oblate  spheroid  as 
it  ought  to  be  according  to  the  laws  of  Statics ;  and  thisoblateness  appears  to 
be  even  more  considerable  than  sir  Isaac  Newton  thought   I  likewise  am  of 
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opinion,  both  from  the  experiments  which  we  have  made  in  the  frigid  zone, 
and  from  those  which  our  academicians  have  sent  us  from  the  equator,  that 
the  gravity  augments  more  towards  the  pole,  and  diminishes  more  towards 
the  equator,  than  sir  Isaac  Newton  has  supposed  in  his  Table.  And  all  this  is 
agreeable  to  the  reflections  which,  you  have  made  upon  the  experiments  of 
Mr.  Campbell  in  Jamaica.  But  I  have  one  favour  to  ask  of  you,  sir,  and 
hope  you  will  not  refuse  it  me ;  and  that  is,  to  tell  me  whether  you  have  any 
observations  actually  made  of  the  aberration  of  the  stars  8  and  a  themselves, 
and  whether  we  have  made  use  of  the  proper  correction  for  this  aberration. 

I  shall  have  the  honour  to  communicate  to  you  hereafter  our  experiments 
relating  to  gravity,  and  the  particulars  of  all  our  operations,  when  they  are 
printed. 

I  have  the  honour  to  be,  (with  the  greatest  esteem,) 

Sir,  your  most  humble  and  most  obedient  servant, 

MAUPERTUIS. 

I  shall  be  very  much  obliged,  sir,  if  you  please  to  communicate  my  letter 
to  the  Royal  Society. 

»*m  This  was  evidently  written  in  1737,- and  that  year  is  found  in  the  copy  of  the 
original  French,  which  is  preserved  in  one  of  the  letter-books  of  the  Royal  Society.  The 
translation  is  tolerably  close ;  there  is  however  one  variation  which  may  be  worth  noticing. 
In  p.  404,  there  is  mention  of  "  your  theory  of  the  aberration Maupertuis's  expression 
is  "  votre  belle  theorie,"  which  Bradley  had  at  first  rendered  "  your  curious  theory," 
but  he  afterwards  struck  the  epithet  out  altogether. 


[Probably  to  Mr.  Graham.] 

Dec. 

Dear  Sib, 

MR.  MAUPERTUIS  having  done  me  the  honour  to  communicate  to  the 
Royal  Society,  through  my  hands,  the  observations  which  the  French  gentle- 
men made  in  the  north,  as  I  apprehend  his  account  can  be  to  none  more 
agreeable  than  to  you,  who  had  so  much  trouble  in  the  affair,  and  to  whom 
we  are  principally  indebted  for  the  accuracy  of  the  experiment.  I  shall  there- 
fore take  the  liberty  of  sending  you  the  contents  of  his  letter,  as  nearly  as 
my  small  skill  in  French  enables  me  to  guess  at  it,  imagining  it  may  afford 
you  some  satisfaction,  at  least,  till  you  can  hear  a  more  exact  translation  of 
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it  read  before  the  Society ;  I  having  sent  the  original  to  Dr.  Mortimer  for  that 
purpose. 

After  the  introduction  (which  is  wholly  complimental)  he  proceeds  thus  : 

I  shall  therefore,  &c. 

This  account  you  see,  sir,  must  entirely  put  an  end  to  the  dispute  as  to 
the  figure  of  the  earth  in  general :  as  to  the  observations  of  the  stars  made 
with  the  sector,  I  imagine  you  still  wish,  with  me,  to  have  that  more  particu- 
lar detail  of  them  promised  in  the  last  paragraph ;  for  when  we  have  each 
night's  observation,  we  shall  be  better  able  to  judge  of  their  expertness  in 
managing  it,  and  whether  the  experiment  had  all  the  advantage  of  accuracy 
which  so  curious  an  instrument  was  capable  of  yielding. 

The  method  which  they  took  to  verify  the  quantity  of  the  arc,  by  making 
observations  on  different  stars,  and  carrying  the  instrument  twice  backwards 
and  forwards,  does  certainly  remove  all  scruples  relating  to  that  point.  But 
as  they  were  at  all  that  pains,  might  they  not,  with  a  little  additional  trou- 
ble, have  been  yet  better  assured  of  the  true  quantity  of  their  arc,  by  turning 
the  whole  apparatus  on  which  the  instrument  hung  from  west  to  east,  &c. 
by  which  means  they  would  have  had  on  the  arc  of  the  sector  the  double 
distance  of  the  star  from  the  zenith  at  each  station,  and  likewise  have  re- 
moved all  objections  relating  to  the  alteration  of  the  line  of  collimation,  upon 
carrying  the  instrument  from  one  station  to  another.  Mr.  Maupertuis,  in- 
deed, seems  to  intimate  that  the  construction  of  the  instrument  was  such  as 
not  to  admit  of  being  turned  from  side  to  side,  or  rectified  in  the  manner  I 
mention,  but  I  thought  it  was  made  in  the  same  manner  with  mine,  with 
an  arc  of  about  2°£  on  each  side  the  line  of  collimation,  so  as  to  be  capa- 
ble of  taking  a  star  either  to  the  north,  or  2*^  south  of  the  zenith ;  and 
if  it  was,  they  might  certainly,  without  much  trouble,  have  observed  each 
star  both  ways,  at  each  station,  which  would  in  effect  have  doubled  the  num- 
ber of  observations.  If  I  am  mistaken  in  this  point,  I  shall  be  obliged  to  you 
for  a  line  to  set  me  right  by  the  first  opportunity,  as  likewise  for  your 
opinion  as  to  the  use  the  French  gentlemen  ought  to  put  the  sector  to,  upon 
its  arrival  in  France ;  viz.  whether  they  should  not  take  the  difference  of  lati- 
tudes with  it,  between  some  places  in  France  that  lie  on  their  famous  meri- 
dian, whose  distances  have  already  been  measured.  For  then  there  can  l»e  no 
objection  made  as  to  the  true  quantity  of  angle  observed,  if  it  be  taken  with 
the  same  instrument  in  France  as  under  the  polar  circle ;  and  Urn  may  like- 
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wise  be  a  means  of  discovering  wherein  the  error  of  the  observations  formerly- 
made  in  France  lies;  viz.  whether  in  taking  the  true  difference  of  latitude,  or 
in  measuring  the  exact  distances  of  places  by  the  triangles,  since  the  wrong 
conclusions  drawn  by  Cassini,  relating  to  the  different  magnitude  of  a  degree 
in  the  south  and  north  part  of  France,  may  have  taken  their  rise  from 
either  of  those  causes.  Or  if  you  think  this  unnecessary  trouble,  whether 
they  Bhould  not  be  desired  to  examine  with  their  sector  into  the  motion  of 
the  fixed  stars,  and  how  far  it  is  conformable  to  my  observations  and  hypo- 
thesis about  it.  As  I  must  soon  send  Mr.  Maupertuis  an  answer  to  his  request 
about  the  quantity  of  aberration  on  account  of  light  in  those  stars  which 
they  observed,  (which  indeed  they  have  already  rightly  computed,)  I  should 
be  glad  to  hear  from  you  before  I  write  to  him,  and  have  your  opinion  as  to 
such  points  as  you  may  think  proper  to  be  suggested  to  them  relating  to  the 
future  use  of  their  sector,  and  whether  I  should  not  at  the  same  time  inti- 
mate to  him  the  other  irregularities  which  I  have  observed  in  the  situation 
of  the  earth's  axis  to  the  plane  of  the  ecliptic,  and  of  the  unequal  precession 
of  the  equinoctial  points.    Your  speedy  answer  will  much  oblige, 

If  Mr.  Celsius  has  sent  you  any  account,  I  shall  be  glad  to  hear  the  parti- 
culars, as  likewise  your  sentiments  about  their  method  of  examining  the 
true  quantity  of  the  whole  arc  of  the  sector. 

Not  knowing  where  Dr.  Mortimer  lives,  I  directed  the  letter  to  Crane- 
court,  on  which  account  I  fear  it  will  not  reach  him  so  soon  as  he  desired, 
for  he  intended  to  have  got  it  translated  against  the  first  meeting  of  the 
Society;  but  if  you  have  an  opportunity,  I  beg  you  will  be  pleased  to  let  him 
know  where  it  lies,  as  soon  as  you  can  conveniently. 


[To  Mr.  MaupertuU.] 
•  •  •  •  • 

And  on  this  occasion,  sir,  I  beg  leave  to  do  myself  the  honour  to  tell  you 
what  I  have  farther  discovered,  relating  to  some  other  changes  that  happen 
in  the  apparent  situation  of  the  fixed  stars. 

In  my  account  above  referred  to,  I  have  taken  notice  that,  so  far  as  I 
could  then  judge  from  the  observations  of  a  single  year,  the  annual  preces- 
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sion  of  the  equinox  was  at  that  time  greater  than  50",  the  stars  near  the 
equinoctial  colure  (between  the  years  1727  and  1728)  changing  their  de- 
clination 1"£  or  2"  more  than  a  precession  of  50"  required.  On  the  other 
hand,  I  observed  that  stars  near  the  solstitial  colure  altered  their  declination 
less  than  they  ought  if  the  precession  was  50".  Which  seeming  contradiction 
in  the  phenomena,  with  regard  to  the  stars  in  those  different  situations,  I 
now  conceive  to  arise  from  the  unequal  action  of  the  moon  upon  the  equa- 
torial parts  of  the  earth,  which,  varying  on  account  of  the  different  inclina- 
tion of  her  orbit  to  the  equator,  will  cause  a  small  nutation  in  the  earth's 
axis,  as  also  an  acceleration  and  retardation  in  the  precession  of  the  equi- 
noxes. The  whole  quantity  of  this  nutation,  I  find,  amounts  to  about  9"  each 
way  from  the  mean,  the  obliquity  of  the  ecliptic  being  greatest  when  the 
moon's  ascending  node  is  in  Aries,  and  least  when  in  Libra;  for  by  my 
observations  y  Draconis  appeared  18"  more  northerly  in  Sept.  1736,  than 
Sept.  1727,  after  I  have  allowed  the  usual  difference  on  account  of  the  pre- 
cession of  the  equinox;  but  this  year,  1737,  I  perceive  the  star  is  returning 
again  towards  the  south,  and  if  I  have  guessed  rightly  as  to  the  cause,  it 
must  continue  to  move  southerly  till  the  year  1746,  when  it  will  again  have 
the  same  situation  as  in  1727,  allowing  only  for  the  usual  alteration  on 
account  of  the  precession,  unless  it  shall  farther  appear  upon  trial,  that  there 
is  a  gradual  diminution  of  the  mean  obliquity  of  the  ecliptic,  as  many  astro- 
nomers suppose;  and  in  that  case  the  variation  from  the  mean  obliquity 
must  be  less  than  9",  the  quantity  I  determined  by  my  observations,  on  sup- 
position that  the  mean  obliquity  has  continued  the  same  for  nine  years  last 
past,  and  that  all  the  alteration  which  I  have  found  is  owing  wholly  to  the 
cause  I  have  now  suggested ;  in  which  case,  the  period  of  this  nutation  must 
be  the  same  with  that  of  the  moon's  node,  viz.  about  19  years. 

The  same  cause  must  also  produce  an  inequality  in  the  precession  of  the 
equinoxes,  making  the  greatest  annual  precession  when  the  a  is  in  r>  about 
57";  and  the  least  about  42",  when  the  a  is  in 

Upon  comparing  many  observations  of  different  stars,  which  I  have  made 
during  the  ten  years  last  past,  I  have  not  yet  met  with  any  that  disagree 
with  the  hypothesis  here  laid  down,  more  than  what  I  conceive  may  arise 
from  the  uncertainty  of  the  observations  themselves. 

But  as  you  will  now  have  an  opportunity,  by  means  of  your  sector,  to 
examine  into  the  several  motions  of  the  fixed  stars,  which  I  have  hitherto 
observed  with  my  instrument,  I  hope,  ere  long,  to  have  the  satisfaction  of 
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hearing  the  truth  of  my  own  observations  confirmed  by  the  testimony  of  so 
exact  an  observer  as  Mr.  de  Maupertuis.  And,  indeed,  with  this  view  it  is 
that  I  have  taken  the  liberty  to  trouble  you  with  the  particulars  above  men- 
tioned, in  hopes  thereby  to  excite  you  to  undertake  this  task ;  though  I  am 
sensible  'twould  be  unreasonable  in  me  to  expect  that  pleasure  very  soon, 
since  I  presume  you  will  first  think  it  convenient  *  *  * 
•  *  •  •  • 

The  pleasure,  sir,  that  I  have  had  in  perusing  the  particulars  you  have 
already  honoured  me  with,  have  so  heightened  my  desire  of  seeing  a  more 
minute  detail  of  the  whole  series  of  your  observations  and  experiments,  re- 
lating both  to  the  measurement  of  a  degree,  and  ttie  force  of  gravity,  that  I 
cannot  forbear  requesting  you  to  hasten,  as  much  as  possible,  the  publication 
of  what  will  afford  to  all  the  curious  the  most  agreeable  entertainment.  And, 
indeed,  were  it  not  for  the  pleasure  I  now  enjoy  in  this  seeming,  though  dis- 
tant conversation  with  you,  I  could  not  forgive  that  delay  to  the  fulfilling 
my  wishes  which  I  may  occasion  by  this  tedious  letter ;  but  I  am  sensible  this 
consideration  is  too  selfish  to  justify  me  in  detaining  you  at  present  any 
longer ;  and  therefore  I  shall  only  add,  that  when  I  have  made  all  proper 
allowance  for  the  precession  and  light,  and  all  the  motions  I  have  hitherto 
taken  notice  of,  I  compute  that  1",38  added  to  the  arc  observed  by  8  Drac, 
and  4",57  added  to  that  observed  by  a  Drac,  will  give  the  correct  differences 
of  latitudes ;  which  corrections,  I  presume,  scarce  sensibly  differ  from  what 
you  have  already  made  use  of.    I  am,  with  the  greatest  esteem,  sir, 

Your  most  humble  and  obedient  servant, 

Oct.  27,  1737.  J.  BRADLEY. 


[To  M.  Maupertuis.] 
glB  Oxford,  Oct.  28,  1738. 

HAVING  had  the  honour,  since  I  wrote  to  you,  of  receiving  two  most 
obliging  letters,  and  likewise  your  curious  account  of  your  northern  expedi- 
tion, I  cannot  but  be  sensible  that  this  long  delay  in  making  my  acknow- 
ledgments for  them  may  need  some  apology.  But  before  one  who  shews 
such  ardent  desires  of  discovering  truth,  I  shall  not  scruple  to  lay  this  appa- 
rent defect  in  good  manners  on  its  real  cause,  viz.  my  desire  of  communi- 
cating to  you  the  result  of  the  observations  on  the  fixed  stars,  which  I  usually 
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make  about  this  season  of  the  year.  I  have  already  given  yon  an  account 
of  the  phenomena  which  induced  me  to  think  that  there  is  a  small  nutatiou 
of  the  earth's  axis,  which  I  conceived  was  occasioned  by  the  unequal  action 
of  the  moon  on  the  equatorial  parts  of  the  earth.  What  I  can  farther  collect 
from  this  year's  observations  tends  to  confirm  my  former  conjecture ;  the 
principal  stars  which  I  observe,  in  order  to  discover  this  motion,  being  now 
evidently  returning  back  again  with  a  contrary  motion  to  that  which  they 
had  during  my  first  nine  years'  observations.  But  whether  they  will  entirely 
recover  their  original  situation  by  the  end  of  the  period  of  eighteen  years,  I 
cannot  yet  determine  from  the  observations  of  these  two  last  years  only. 
There  seems,  indeed,  from  my  latest  olraervations,  some  reason  to  suppose 
that  they  will  not;  but  the  difference  between  tlie  hypothesis  and  observa- 
tions scarce  amounting  at  present  to  more  than  a  single  second,  I  cannot 
pretend  to  say  whether  that  is  owing  to  any  thing  besides  the  uncertainty  of 
the  observations  themselves,  and  therefore  must  refer  the  decision  of  this 
point  to  future  experience. 

Having  given  you  the  true  motive  for  my  long  silence,  'tis  time  to  add  my 
hearty  thanks  for  your  most  acceptable  present,  which  afforded  me  an  agree- 
able entertainment,  accompanied  with  the  highest  satisfaction.  So  faithful 
and  exact  an  account  of  your  whole  proceedings  cannot  fail  of  having  a  pro- 
per influence  on  the  minds  of  the  true  lovers  of  knowledge ;  it  bearing  such 
genuine  marks  of  care  and  ability  in  the  observers,  of  exactness  in  the  instru- 
ments, and  propriety  in  the  means  made  use  of  tlirough  the  whole  affair, 
that  I  imagine  few  points  in  practical  mathematics  have  attained  greater 
degrees  of  certainty,  or  merit  more  to  be  relied  on,  than  those  which  are  its 
principal  subject.  It  has,  indeed,  in  every  part  such  deep  characteristics  of 
truth  and  accuracy,  that  I  have  not  yet  met  with  one  person  here  to  whom 
it  did  not  afford  the  fullest  conviction,  and  who  does  not  express  himself 
highly  pleased  with  the  conduct  of  your  whole  company,  who,  by  their  un- 
wearied pains  and  application,  so  happily  perfected  those  experiments,  though 
attended  with  great  and  seemingly  insuperable  difficulties.  The  bare  relation 
of  these,  together  with  the  hardships  and  fatigues  you  were  continually  sub- 
ject to,  cannot  but  affect  the  mind  of  every  common  reader  with  a  dread  of 
their  consequences,  and  at  the  same  time  raise  in  them  just  sentiments  of 
gratitude  to  such  truly  heroic  philosophers.  But  the  frequent  and  honourable 
mention  you  make  of  me  does  not  permit  me  to  look  on  myself  merely  as  a 
common  reader,  being  sensible  that  the  honour  you  do  me  calls  for  my  most 
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particular  acknowledgments ;  for  could  I  hope  to  make  any  advancement  in 
knowledge,  I  should  esteem  its  highest  encomium  to  be  the  approbation  of 
such  a  judge.  I  cannot  therefore  but  be  extremely  pleased  to  find  you  express 
in  your  letter  an  intention  to  examine  with  your  sector  the  apparent  motion 
of  the  stars  which  I  have  formerly  given  an  account  of ;  for  though  the  small- 
ness  of  its  quantity  may  not  seem  to  merit  much  attention,  yet  as  it  may 
possibly  throw  new  light  into  some  branches  of  philosophy,  it  will  be  a  satis- 
faction (to  me  at  least)  to  have  it  inquired  into  by  others ;  especially  since  I 
find  Mr.  Clairaut  has  so  far  honoured  my  hypothesis,  for  solving  those  phe- 
nomena, as  to  lay  the  demonstration  of  its  consequences  before  your  illus- 
trious academy. 

I  could  not  without  concern  hear  of  the  objections  that  were  raised  against 
the  certainty  of  your  observations ;  but  the  world,  I  imagine,  must  soon  be 
convinced  of  their  invalidity;  and  you,  I  doubt  not,  will  have  the  satisfaction 
of  finding  the  truth  of  this  saying :  "  Magna  est  Veritas  et  pwevalebit." 

I  am,  with  the  greatest  esteem,  sir, 

your  most  humble  and  obedient  servant, 


[To  the  Rev.  Mr.  Professor  Bradley.] 

Dear  Sir, 

I  SEND  you  M.  de  Lisle's  unpublished  observations  of  Jupiter's  satellites, 
as  I  promised  you.  They  were  all  taken  at  the  Imperial  Observatory  at 
Petersburg. 

N.  S.  Ttnx?.  Awu. 

H.    •  " 

1735,  May  21.    13  52  37     Immers.  1.  with  a  5  foot  Newtonian  reflector, 

made  by  G.  Hearne;  doubtful  for  the  twilight, 
and  a  foggy  air. 

Aug.  16!     9  19  33     Emers.  1.  with  the  great  reflector;  air  quiet 


Oct.  10.     6  31  50     Emers.  1.  with  the  great  reflector;  air 
Jupiter  low. 

1736,  June    1.    13  30  21      Immers.  1.  with  the  great  reflector;  ::  to  a  \ 

of  a  min.  Jupiter  being  low  and  in  the  twilight. 
21.    12  50  0     Immers.  4.  with  the  great  reflector;  : :  to  1', 
Jupiter  being  low  and  in  the  twilight. 
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N.  S.  Temp.  Apjw. 

H.    .  • 

1736,  July  10.    14  10  39     Immers.  2.  with  the  great  reflector;  : :  for  foggy 

air. 

17.  13  40  43  Immers.  1.  with  a  15  f.  glass  of  Campani; 
clear  air. 
40  53  With  the  great  reflector. 
Aug.  2.  11  56  42  Immers.  1.  or  rather  an  occultation  of  the  satel- 
lite under  Jupiter's  disc,  for  the  one  could  not  be 
distinguished  from  the  other;  sky  serene,  and 
Jupiter  near  the  meridian.  I  observed  with  the 
great  reflector.  The  satellite,  before  it  entirely 
disappeared,  seemed  to  adhere  to  Jupiter's  body 
for  some  minutes,  and  lost  itself  gradually  un- 
der it. 

22.  8  50  58     Emers.  2.  with  the  great  reflector ;  sky  serene 

and  quiet,  a  certain  observation. 
29.    11  31  12     Jupiter  coming  out  of  a  cloud  which  had  co- 
vered him  24',  the  second  satellite  appeared,  but 
was  still  weak ;  with  the  great  reflector. 
Sept.  13.     7  51  37     Immers.  4.   This  satellite  was  several  minutes 
diminishing,  whence  the  true  time  of  its  disap- 
,  pear i ii g  may  be  uncertain  to  some  seconds;  more- 

over, when  it  seemed  just  upon  the  point  of  dis- 
appearing, it  recovered  new  light  for  some  se- 
conds, and  then  decayed  away  again. 

23.  9   5  SO     This  moment  Jupiter,  having  been  hidden  by 

a  cloud  for  half  an  hour,  appearing,  the  second 
satellite  seemed  to  be  got  out  of  the  shadow,  but 
was  still  much  smaller  than  the  rest  of  the  satel- 
lites. This  with  the  great  reflector ;  but  the  ob- 
servation was  greatly  incommoded  by  a  strong 
wind. 

Oct.  5.  7  45  23  Emers.  1.  with  the  great  reflector;  very  exact, 
sky  serene  and  calm,  Jupiter  near  the  meri- 
dian. 

1737,  July  4.    13  39  55     Immers.  2.  with  the  great  reflector;  the  twi- 

light strong. 
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N.  8.  Trap.  Ap]»r. 

H.     /  " 

1737,  July  9.    12  51    1      Immere.  3.  with  the  great  reflector;  clear  air. 


22. 

11  39  42 

Immers.  1.  with  a  15f.  glass  of  Cam  pain . 

39  53 

With  the  great  reflector ;  clear  air. 

Aug.  7. 

9  56  44 

Immers.  L  with  the  great  reflector,  through 

•      A             A.*                     f       1  1 

interstices  of  clouds. 

21. 

12  57  17 

Immers.  3.  by  estimation,  the  satellite  having 

heen  covered  by  a  cloud  about  15  before,  when 

it  was  very  small ;  with  the  great  reflector. 

28. 

15  43  26 

Immers.  1.  with  the  great  reflector;  : :  to  some 

seconds  from  the  nearness  of  the  satellite  to  Ju- 

piter,  and  the  strength  of  the  twilight. 

30. 

10  12  13 

Immers.  1.  with  Campani's  15  foot  glass. 

12  22 

12  38 

calm  and  serene,  but  the  nearness  of  the  sat.  to 

Jupiter  might  produce  an  error  of  some  seconds. 

10  44  18 

Immers.  2.  with  the  great  reflector. 

Sept.  19- 

8  20  30 

Emers.  3.  with  the  great  reflector ;  fine  sky. 

26. 

12  22  4 

Emers.  1.  with  the  great  reflector. 

22  21 

29- 

14  42  23 

Emers.  1.  great  reflector. 

42  41 

Oct.  8. 

118  7 

Emers.  1.  great  reflector. 

17. 

7  33  45 

Emers.  1.  great  reflector. 

33  59 

19- 

8  14  12 

Emers.  2.  22f.  glass ;  serene  sky. 

Nov.  6. 

8  50  12 

Immers.  4.  great  reflector ;  serene  sky  : :  to  se- 

veral seconds  from  the  smallness  of  the  sat.  and 

the  slowness  of  its  motion. 

9. 

7  50  21 

Emers.  1.  by  estimation,  great  reflector;  foggy. 

I  did  not  see  the  satellite  till  20"  later,  but  then 

'twas  pretty  big. 

13. 

5  27  37 

Emers.  2.  great  reflector ;  serene  sky. 

16. 

9  44  14 

Emers.  1.  great  reflector;  fine  sky. 

44  26 

44  28 
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N.  is  Temp.  Appar. 

H.   »  ■ 

1737,  Nov.  25.     6   7  35     Enters.  1.  great  reflector.    It  might  be  ±  miu. 

sooner.  Foggy. 

1738,  Jan.    3.      4  25  32     Emers.  L  great  reflector. 

45  47    23f.  glass  ;  clear  sky. 


you  also  my  observation  of  yesterday's  eclipse  at  Newington. 

Sid.  Clock. 

7  37  35     The  beginning  of  the  eclipse;  perhaps  one  or 

two  seconds  sooner. 
9  6  40     The  cusps  horizontal  accurately.    This  by  the 

instrument  for  equal  altitudes. 

37  58     Sun's  preced.  limb  passed. 

38  43     The  end  of  the  eclipse. 
40  9     Sun's  conseq.  limb. 

19  38  41     a  Lucid.  Aquilae.   N.  B.  The  clock  loses  about 
2"4  sidereal  time  per  diem. 
I  should  be  very  glad  to  receive  the  stars  with  which  you  took  the  comet, 
and  I  will  take  the  best  care  I  can  to  verify  their  places. 

When  you  have  leisure  to  transcribe  them,  I  should  take  it  as  a  great 
favour  to  peruse  yours  and  Mr.  Pound's  observations  for  the  parallax  of 
Mars  in  1719 ;  to  which  if  you'll  please  to  add  a  word  or  two  about  the  choice 
of  opposite  stars  that  will  be  most  affected  in  right  ascension  by  the  motion 
of  light,  you  will  still  farther  oblige  me. 

I  am,  sir,  with  sincere  esteem, 

your  very  humble  servant, 

J.  BEVIS. 

You  may  please  to  direct  to  be  left 
for  me  with  Mr.  Graham. 


»*,  The  post-mark  on  this  letter  is  August  5th ;  and  the  eclipse  which  is  mentioned 
in  it  shews  that  it  was  written  in  1738. 
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[To  the  Rev.  Mr.  Professor  Bradley.] 

Dear  Sir,  London'  APril  27»  17S9' 

I  HERE  give  you  my  observations  of  several  transits  of  the  pole  star, 
and  two  others,  transcribed  from  our  Newington  Journal,  and  compared 
together  in  several  parts  of  the  year,  which  I  presume  may  be  sufficient  to 
prove  that  the  laws  you  have  delivered  about  your  great  discovery,  take 
place  as  well  in  the  right  ascensions  as  in  the  declinations  of  the  fixed  stars. 
I  have  not  gone  to  the  utmost  precision  in  the  equations,  though  exact 
enough  for  my  purpose,  none  of  them  being,  I  believe,  one  second  of  time 
wide  of  the  truth ;  nor  have  I  allowed  for  the  precession  of  the  equinox.  I 
despair  of  bringing  such  observations  as  these  to  agree  much  better,  till  I,  or 
somebody  else,  shall  be  able  to  discover  the  true  cause  of  the  transitory's  de- 
viating from  the  mark  by  which  it  is  rectified,  in  that  constant  manner  which 
I  have  observed  it  to  do  ever  since  it  was  first  set  up. 

[A  long  account  is  here  omitted  of  the  deviations  of  Dr.  Bevis's  instruments  from 
the  plane  of  the  meridian.  It  appears  that  they  constantly  moved  in  one  direction 
during  the  day,  and  hack  again  during  the  night.  He  gives  no  estimate  of  the 
quantities  of  this  error  which  varied  at  different  times  according  as  the  sun  shone 
out  more  or  less  brightly.] 

I  took  the  sixteen  stars  with  which  you  observed  the  comet  as  often  as  I 
could,  till  they  were  lost  in  the  day-light ;  but  it  fell  out  unluckily  that  I  got 
the  altitude  of  but  two  or  three  of  the  biggest  before  Mr.  Sisson  took  away 
the  quadrant  to  put  a  new  limb  to  it.  By  the  transits  of  one  or  two  of  those 
I  observed,  it  seems  as  if  they  were  not  the  same  with  those  in  your  list ;  yet 
I  could  find  none  nearer,  with  your  declinations,  in  which  particular  I  was 
forced  to  be  guided  wholly  by  the  graduated  semicircle  of  the  transitory, 
which  cannot  give  altitudes  much  nearer  than  10'.  If  there  be  any  thing 
else  you  would  be  willing  to  have  observed,  you'll  do  me  a  particular  pleasure 
in  letting  me  know  it.  I  should  esteem  it  a  great  favour,  if  at  your  leisure 
you'll  be  so  good  to  transcribe  for  me  your  observations  for  the  parallax  of 
Mara.  I  am,  dear  sir, 

your  affectionate  humble  servant, 

When  you  favour  me  with  an  J.  BEVIS. 

answer,  be  pleased  to  direct  it  to 
be  left  for  me  at  Mr.  Heath's, 


in  the  Strand. 
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«~  [To  the  Rev.  Mr.  Professor  Bradley.] 

Dear  Sir,        '  London,  May  8,  1739- 

OUR  friends  Mr.  Jones,  Mr.  Macbin,  and  Mr.  Graham,  having  seen  those 
observations  I  sent  you  of  the  pole  star,  are  of  opinion  that  it  would  not  be 
improper  to  send  them  to  Paris,  to  Mr.  Folkes,  who  is  now  there,  and  fre- 
quently visits  the  academists ;  and  this  the  rather,  because  it  seems  the  French 
are  now  upon  observations  of  the  like  nature,  for  executing  which,  'tis  certain 
they  have  no  fit  instruments.  However,  in  this  I  would  be  wholly  guided  by 
your  advice,  which  I  ask  as  of  a  friend ;  besides  your  leave  for  taking  such  a 
step,  which  I  am  satisfied  I  ought  not  to  do  without  it.  There  is  aigenUe- 
man  of  Mr.  Folkes's  acquaintance  who  sets  out  for  Paris  in  a  few  days,  on 
which  account  your  speedy  answer  would  greatly  oblige, 

■ 

Sir,  your  very  obedient  servant, 

J.  BEVIS. 

If  you'll  subjoin  a  word  or  two  of  what  will  be  best  to  say,  in  a  concise 
manner,  about  the  small  disagreement  of  some  of  the  observations,  in  case 
you  think  it  needful,  I  shall  acknowledge  it  as  a  further  favour. 

The  above  named  gentlemen  send  you  their  compliments;  and  Mr.  Machin 
desires,  that  in  case  Mr.  Salvador,  the  gentleman  he  wrote  to  you  about, 
should  chance  to  come  to  Oxford,  you'd  be  so  good  as  to  recommend  him  to 
Dr.  Shaw,  in  order  to  his  being  shewn  the  university. 

I  believe  I  erroneously  transcribed  the  transit  of  the  pole  star  Oct.  27th ; 
it  ought  to  be  44'  46 ". 


[To  Dr.  Bevis.] 

Dear  Sir, 

I  AM  much  obliged  to  you  for  the  favour  of  your  observations  of  the  stars 
with  which  I  compared  the  late  comet,  as  also  of  the  transits  of  the  circum- 
polar  stars;  which  latter,  I  suppose,  will  be  thought  sufficient  to  prove  that  the 
smne  cause  takes  place  in  producing  an  aberration  in  right  asc.  as  I  had  be- 
fore found  in  declination;  since  the  time  when  the  maxima  happen,  as  well  as 
their  quantities,  corresponds  as  nearly  to  my  numbers  as  can  be  expected  in 
observations  of  the  stars  made  with  so  small  an  instrument,  especially  since  you 
find  that  the  direction  of  your  axis  is  itself  liable  to  some  little  alterations. 

S  H 
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I  confess  that  at  present  I  apprehend  the  cause  of  that  apparent  change  to 
arise  from  something  within,  rather  than  without  your  observatory,  because 
since  I  received  your  first  letter,  I  have  diligently  attended  to  what  has  hap- 
jH-ned  with  regard  to  an  axis  which  I  have  here,  that  is  fixed  in  a  very  firm 
manner  between  the  stone  jams  of  a  north  window,  and  have  not  yet  been 
able  to  discover  any  such  regular  change  in  the  object  as  you  have  found  at 
Newington.  My  mark  is  not  indeed  so  far  from  my  axis  as  yours,  but  a 
friend  of  mine  here  has  one  with  which  he  can  command,  I  believe,  objects  at 
very  different  distances,  so  that  by  comparing  both,  I  hope  we  may  be  able 
to  determine  whether  this  change  arises  from  any  such  cause  as  you  suggest, 
or  from  the  unfixedness  of  what  supports  the  instruments. 

I  make  no  doubt  but  a  considerable  part  of  the  difference  that  appears 
upon  the  comparing  of  the  transits  of  the  pole  star  on  the  different  nights 
not  far  asunder,  arises  from  this  change  in  the  direction  of  your  instrument ; 
and  yet,  if  the  axis  had  been  invariable,  one  could  scarce  have  hoped  to  have 
made  observations  of  this  nature  correspond  much  better  than  these  do;  and 
therefore  you  need  not,  I  think,  scruple  to  lay  them  before  the  astronomers  in 
France,  esjjecially  if  you  mention  the  circumstances  with  which  they  were 
attended,  since  a  change  of  the  direction  of  your  axis  of  a  few  seconds  only, 
conspiring  with  the  error  that  may  arise  in  judging  of  the  exact  time  when 
the  pole  star  passes,  will  occasion  a  difference  as  great  as  any  that  occurs 
here. 

The  observations  of  the  two  stars  that  are  0  32,  2  22  farther  from  the 
pole,  and  which  neither  of  the  forementioned  causes  can  be  so  much  affected 
by,  seem  to  correspond  extremely  well,  and  these  alone  sufficiently  evince  the 
certainty,  as  well  as  quantity  of  this  aberration  in  right  asc,  and  make  the 
quantity  of  it  be  exactly  conformable  to  my  hy]>othesis.  I  imagine  therefore 
that  it  would  be  very  proper  to  let  them  know  what  has  been  attempted 
here,  and  what  is  the  event,  that  they  may,  if  they  are  inclined,  make  the 
like  observations  of  right  asc;  they  having  before  this  time,  I  suppose,  ex- 
amined with  the  sector  (which  Mr.  Graham  made)  what  are  the  phenomena 
with  regard  to  decliuation. 

I  have  sent  you  a  copy  of  the  observations  which  I  formerly  made  for 
discovering  the  parallax  of  Mars,  and  if  you  take  the  trouble  of  computing 
what  it  was  from  them,  I  shall  be  glad  to  know  the  result ;  the  method  I 
made  use  of  was  to  take  a  mean*  of  several  observations  made  near  one  an- 
*  This  explains  the  brackets  annexed  to  the  observations,  p.  353. 
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other,  since  it  being  too  tedious  a  matter  to  make  distinct  computations  for 
each,  it  may  be  proper  first  perhaps  to  compare  them  together  grossly,  to  see 
whether  any  deviate  too  much  from  the  truth,  and  reject  such  as  do,  before 
you  find  a  mean  by  adding  several  together.  I  beg  you  will  present  my  com- 
pliments to  all  my  friends  you  mentioned,  &c. 

By  Dr.  Bevis,  his  observations  of  the  transits  of  the  pole  star,  compared 
with  e  Urs.  Major,  the  pole  star  preceded  €  at  a  mean  1'  30"  in  time,  or  22'£ 
asc.  r.  about  Sept.  1788.  Hence  (supposing  his  axis  exactly  adjusted  to  the 
meridian)  the  pole  star  ought  to  precede  «  Urs.  M.  in  December  1739,  1'  38", 
or  24'  40"  in  right  asc*  According  to  his  observations  about  December  1738, 
the  mean  precedence  of  y  Cassiop.  before  t  Urs.  Maj.  was  1'  15".  Hence  in 
December  1739,/t  would  be  1'  15"£  or  1'  16"  in  time. 

•By  Mr.  Flamsteed,  diff.  in  time  is  2'  24"  =  36'   0"  asc.  rect. 
In  Connoissance  de  Temps   3*  5"  =  46"  14"  asc. 

These  stars  come  upon  the  meridian  rather  too  soon  after  one  another  to 
be  nicely  observed,  and  therefore  it  may  be  proper  to  make  choice  of  others, 
as  a  and  £  and  &  Cassiop.  and  a,  ft  y,  8,  £,  and  ij  Urs.  Maj. 

N.  B.  The  stars  that  pass  the  meridian  about  six  of  the  clock  will  be  most 
convenient  for  this  purpose,  and  at  that  time  the  difference  of  their  passage 
will  give  their  true  difference  of  right  asc.;  they  being  then  unaffected  by  the 
aberration  from  light. 


[To  the  Karl  of  Macclesfield.] 

My  Lord, 

WHEN  I  got  up  yesterday  morning  about  five,  I  had  a  fair  prospect  of 
succeeding  in  the  observations  which  I  intended  to  make;  but  about  six,  when 
the  principal  stars  which  I  wanted  to  take  were  passing  the  meridian,  some 
clouds  came  and  prevented  my  observing  according  to  my  wish.  However, 
the  few  that  I  had  the  fortune  to  catch,  are  sufficient  to  satisfy  me  that  the 
mark  which  I  made  last  on  the  garden  wall,  as  well  as  the  stake  in  the  field, 
are  extremely  near  the  meridian,  I  think  they  can  scarcely  err  more  than  5"  in 
azimuth ;  and  'twill  be  needless  to  attempt  a  more  exact  rectification,  till  the 
clock  is  fixed  near  the  instrument;  and  then  I  am  induced  to  think,  from  the 
experience  I  have  already  had,  that  the  true  meridian  may  be  found  within 
2"  or  3"  in  azimuth.  < 

I  had  a  pretty  quick  passage  from  Shirburn  to  Oxford,  and  having  just 

3  II  2 
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before  I  set  out  compared  my  watch  with  your  lordship's  clock,  I  imagined  . 
that  a  good  opportunity  offered  of  settling  the  difference  of  our  meridians. 

By  the  observation  which  I  made  October  23,  with  the  transit  instrument 
at  Shirhurn,  I  collect  that  the  sun  was  on  the  true  meridian  lib.  23'  0"\  by 
your  lordship's  clock;  and  supposing  it  to  lose  about  12"^  per  diem,  it  would 
be  on  the  meridian  yesterday  (or  Oct.  25)  lib.  22'  38". 

I  found  by  my  instrument  at  the  Museum  that  the  sun  passed  the  meri- 
dian here  at  12h.  1'  17"£  by  my  watch,  which  I  reckoned  to  be  then  37'  31"^ 
faster  than  your  lordship's  clock.  Hence  the  difference  of  meridians  comes 
out  1'  8".  But  if  the  time  of  the  sun's  transit  was  actually  observed  by  your 
lordship  yesterday,  and  appears  to  be  different  from  what  I  supposed  above, 
(viz.  llh.  22'  38",)  your  lordship,  by  allowing  for  that,  will  find  the  difference 
of  our  meridians  more  exactly  perhaps  than  by  any  other  kind  of  observa- 
tions ;  for  my  watch  has  lately  gone  so  extremely  regular,  that  I  think  it 
may  be  depended  upon  even  while  I  was  riding,  and  I  compared  it  with  your 
lordship's  clock  just  before  I  set  out,  and  with  my  own  immediately  after  my 
arrival  here,  and  have  made  the  necessary  allowance. 

Since  I  left  your  lordship,  I  have  been  considering  different  methods  for 
moving  the  lamp,  in  order  to  illuminate  the  cross  wires ;  and  the  most  con- 
venient I  can  at  present  think  of,  is  to  have  a  pretty  large  circular  piece  of 
board  fixed  either  to  the  face  of  the  eastern  pier,  or  to  a  plank  over  the  top 
of  it,  in  such  a  manner  that  the  centre  of  its  circumference  may  coincide  with 
the  axis  of  the  cylinders  on  which  the  instrument  hangs.  The  middle  part 
of  which  board  must  be  cut  away,  so  that  the  brass  work  may  not  hinder  it 
from  coming  close  to  the  face  of  the  pier,  and  that  the  level  may  be  hung  on. 
Then  another  circular  board,  whose  inner  diameter  fits  exactly  the  outer  one 
of  the  former,  may  turn  upon  it,  moved  by  an  handle  of  such  length  as  to  be 
conveniently  reached  by  the  observer;  opposite  to  which  handle  must  be  fixed 
(to  the  same  moveable  board)  the  arm  for  carrying  the  lamp,  which  should 
be  hung  pendulous  at  about  the  same  distance  from  the  axis'  centre  as  the 
oval  piece  of  ivory.  And  it  may  not  be  amiss,  if  this  method  is  made  use  of, 
to  shorten  the  arm  which  now  carries  the  ivory;  for  by  bringing  that  nearer 
to  the  object-glass,  a  smaller  lamp  may  be  sufficient  to  illuminate.  I  suppose 
it  will  be  necessary  to  add  some  weight  to  the  handle,  that  it  may  in  all  cir- 
cumstances counterbalance  the  lamp,  and  the  arm  that  carries  it.  I  have  cut 
out  two  pieces  of  card  in  the  form  I  apprehend  the  boards  should  be  of,  but 
their  true  dimensions  cannot  be  settled  without  being  upon  the  spot. 
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If  your  lordship  will  lie  pleased  to  send  me  by  Sunday's  post  the  eyeglass 
which  you  formerly  had  of  me,  and  the  exact  dimension  of  the  inner  and 
outer  diameter  of  the  tube  of  the  transit  instrument,  together  with  the  dis- 
tance of  the  cross  wires  from  the  end  of  the  tube,  or  (which  will  be  near 
enough)  the  distance  of  the  square  key-hole  from  the  end,  I  will  make  an 
apparatus  which  mfly  serve  for  the  present  to  use  that  eyeglass,  by  which 
your  lordship  Will  be  better  enabled  to  judge  what  focus  the  eyglass  should  be 
of.  If  the  weather  permit  I  will  wait  upon  your  lordship  some  morning  with 
it,  when  I  can  likewise  more  fully  explain  my  design  for  illuminating. 
I  am,  with  the  greatest  respect,  my  lord, 

Your  lordship's  most  obliged  and  most  obedient  servant, 

J.  B. 

%*  This  was  probably  written  in  1739,  that  being  the  only  year  from  1735  to  1742 
inclusive,  on  which  Bradley  has  left  us  any  notice  of  his  having  observed  the  sun  at 
Oxford  on  the  25th  of  October. 


[To  the  Rev.  Mr.  Professor  Bradley.] 

SIR, 

I  RECEIVED  the  favour  of  yours,  and  did  imagine  the  term  at  Oxford 
to  be  too  busy  a  time  for  you  to  find  leisure  to  come  here,  till  Mr.  Jones  in- 
formed me  that  I  might  expect  you  here  at  the  time  I  mentioned  in  my  letter 
to  you.  However,  it  is  a  pleasure  to  me  to  know,  that  the  time  which  will 
be  most  agreeable  to  me,  will  be  so  to  you.  When  you  examined  the  qua- 
drant, I  remember  you  found  an  error  of  30",  which  I  think  was  to  be  added 
to  the  zenith  distance ;  but  as  I  am  not  sure  of  it,  I  should  be  glad  you 
would  let  me  know  whether  I  am  in  the  right  or  not,  in  case  you  can  recol- 
lect it,  at  this  distance  of  time.  If  you  have  made  any  computations  of  the 
latitude  from  the  last  observations  which  you  made  here,  I  should  be  obliged 
to  you  if  you  would  favour  me  with  them. 

I  am  your  faithful  humble  servant, 

MACCLESFIELD. 

If  you  cannot  recollect  how  the  error  of 
the  instrument  was  to  be  rectified,  I  believe 
I  can,  with  the  help  of  some  instruction 
from  you,  observe  it  again. 


CORRESPONDENCE. 


[To  the  Earl  of  Macclesfield.] 

HAVING  just  now  had  the  honour  of  your  lordships  letter,  I  looked  into 
the  papers  containing  the  observations  made  at  Shirburn,  and  found  that  the 
error  of  the  instrument  was  judged  to  be  30",  to  be  added  to  the  observed 
zenith  distance;  and  your  latitude  by  the  observations  of  the  sun  comes  out 
51°  40',  but  by  the  stars  5V  39'£  or  39'.  If  your  lordship  be  inclined  to  take 
the  trouble  of  examining  into  the  error  of  the  instrument  again,  it  may  be 
done  as  readily  in  the  manner  I  tried,  as  any  other ;  viz.  by  placing  two  marks 
at  a  distance,  directly  over  and  as  far  asunder  from  each  other  as  the  dif- 
ference between  the  height  of  the  centre  of  the  object-glass  of  the  telescope 
(that  is  fixed  on  the  quadrant)  when  it  is  in  the  erect  and  inverted  positions, 
which  difference  of  heights  may  easily  be  found  by  trial ;  then  looking  at  the 
uppermost  object  when  the  quadrant  is  erect,  observe  its  apparent  distance 
from  the  zenith.  Afterwards  taking  ofT  the  pin  on  which  the  wire  hangs, 
as  also  the  piece  of  brass  into  which  it  is  screwed,  you  may  invert  the 
quadrant ;  and  then  bringing  the  lower  object  to  appear  on  the  horizontal 
thread  of  the  telescope,  hang  up  the  plummet  from  the  limb  of  the  quadraut, 
so  that  it  may  just  beat  over  the  middle  of  the  hole  into  which  the  small  end 
of  the  pin  before  entered  ;  then  if  there  be  no  error  to  be  allowed,  the  thread 
will  in  this  situation  be  just  as  far  from  the  beginning  of  the  divisions  or 
90°  as  when  the  quadrant  was  erect,  only  that  it  must  now  fall  on  the  con- 
trary side  to  what  it  did  tefore ;  and  if  it  be  nearer  or  farther  from  the 
beginning  of  the  divisions,  the  middle  point  between  the  two  will  be  that 
which  is  truly  perpendicular  to  the  line  of  colliination ;  whence  you  will 
readily  judge  if  there  be  any  error,  of  what  kind  it  is. 


[To  the  Rev.  Dr.  Bradley.] 

Dear  Sir,  Oxo,h       15'  1742 

I  HEARD  with  great  pleasure  of  your  safe  arrival  at  Greenwich ;  we 
were  in  great  concern  for  you,  as  you  had  such  dismal  weather  for  your 
journey.  I  hope  the  present  clear  air  will  make  you  some  amends  for  the 
long  succession  of  clouds  that  preceded  it,  though  I  suppose  it  would  have 
been  more  acceptable  two  or  three  days  before  the  solstice.    Mr.  Hunt  tells 
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me,  my  lord  lay  two  nights  last  week  at  the  observatory,  and  I  suppose  had 
an  observation  of  the  sun  on  the  solstitial  day.  I  have  sent  on  the  other  side 
what  observations  I  made  of  the  first  satellite  of  Jupiter  last  spring ;  they  are 
but  few,  because  I  was  so  long  in  London ;  I  have  also  set  down  opposite  to 
them,  Whiston  and  Weaver's  calculations.  I  have  many  services  to  you  from 
your  friends  here ;  in  particular  from  our  next  door  neighbours.  Mrs.  Bliss 
joins  with  me  in  proper  respects  to  yourself  and  Miss  Pound.  I  hope  to  see 
you  at  Greenwich  soon  after  New  Year's  day,  and  am  in  the  mean  while 

Your  most  affectionate  brother, 

X.  BLISS. 

P.  S.  I  beg  my  humble  service  to  all  my 
friends,  in  particular  to  the  president  and 
Mr.  Jones. 


at  On- 

4'  wntuf  Unen. 
wkh. 


WhHton't  Wearrr'i 


1742,  Jan.  12.  Immers.  of  Jupiter's  1st  sat.  ...  9  46  16  9  33  40  9  40  31  9  39  40 

21.  Emers.  of  Jupiter's  1st  sat   8  29  18  8  15   3  8  18  36  8  17  2 

March  15.  Emers.  of  Jupiter's  1st  sat.  nearly  10  48  SO  10  42  46 10  47  28 10  46  46 
It  was  not  seen  one  minute  be- 
fore, then  a  thin  cloud  till  the 
time  set  down,  when  it  was  seen 
to  be  emerged. 

April  23.  Emers.  of  Jupiter's  1st  sat   9  18  44j  9  22  16 


9  29  44.  9  29  0 


[To  the  Rev.  Dr.  Bradley.] 
Dear  Sir  Shirburn,  Saturday  Evening,  Dec.  24, 1743. 

THE  evening  of  yesterday  being  very  thick,  and  unfavourable  for  ob- 
servations, I  did  not  go  to  the  observatory.  But  Phelps  perceiving  some 
little  breaks  in  the  clouds,  though  generally  attended  with  a  haziness,  at- 
tempted to  observe  the  transits  of  some  stars ;  and  taking  notice  of  one  that 
was  near  passing,  and  appeared  to  be  about  the  third  magnitude,  though 
none  of  that  size  was  set  down  in  the  Catalogue,  he  directed  the  glass  to 
that  parallel  in  order  to  take  its  transit,  when  to  his  great  surprise  he 
found  it  to  be  bushy,  and  immediately  suspected  it  to  be  a  comet.  He 
observed  its  passage,  which  was  at  Oh.  22*  7"  by  Graham's  clock,  and  the 
clock  was  found,  by  a  subsequent  observation  of  Rigel  and  Sirius,  to  be 


Digitized  by  Google 


424 


CORRESPONDENCE. 


about  1'  5"  too  slow  for  true  sidereal  time ;  so  that  the  right  ascension  of 
this  star  or  comet  was  Oh.  23'  12"  in  time:  and  the  index  of  the  transit 
instrument  gave  its  polar  distance  68°  20'.  He  then  applied  the  two  foot 
finder  to  it,  which  discovered  a  stream  of  light  issuing  from  it,  just  in  the 
direction  the  tail  of  a  comet  in  that  place  would  be  in.  Upon  this  he  gave 
me  notice  of  it,  and  by  the  best  remarks  I  could  make  of  it,  I  judged  it  to  be 
really  a  comet.  The  weather  then  began  to  thicken  so  much  that  I  gave  up 
all  hopes  of  making  any  observations  of  it  last  night ;  but  late  in  the  even- 
ing I  found  it  was  grown  clear,  and  I  applied  to  it  my  14  foot  glass  with 
the  micrometer,  in  order  to  compare  it  with  f  Andromeda,  which  was  the 
only  considerable  star  within  any  tolerable  reach  of  it ;  and  the  light  of  the 
moon  prevented  my  seeing  any  star  (with  the  naked  eye)  of  a  less  size  than 
that,  though  at  the  same  time  I  feared,  what  I  found  afterwards  to  be  true, 
that  the  field  of  that  glass  was  not  large  enough  to  admit  both  those  objects. 
I  then  proposed  to  prepare  the  quadrant  and  transit  instrument,  in  order  to 
take  its  right  ascehsion  and  declination  as  exactly  as  I  could  by  them  this 
night,  and  to  be  satisfied  thereby  whether  it  was  a  comet  or  not.  But  it  has 
now  passed  without  the  weather's  having  afforded  me  the  least  glimpse  of  it 
for  the  whole  evening;  but  if  it  should  clear  up,  (of  which  I  have  little 
hopes,)  I  will  endeavour  to  observe  it  with  the  micrometer,  and  compare  its 
place  with  some  star,  and  will  add  the  result  at  the  end  of  this  letter,  which 
to-morrow  being  Christmas-day,  I  choose  to  write  to  night.  Last  night, 
&  Andromeda?  passed  at  Oh.  24'  86"  per  clock,  being  i  29"  after  this  •pheno- 
menon. As  to  the  place  of  it  to  the  naked  eye,  the  supposed  comet  formed 
a  triangle  with  a  Andromeda?,  and  y  Pegasi,  which  was  rather  more  than 
right  angled  (or  somewhat  obtuse)  at  the  angle  where  the  comet  appeared, 
and  the  distance  betwixt  that  and  y  Pegasi  was  much  greater  than  between 
the  comet  and  a  Andromeda?.  If  this  should  be  a  comet,  may  it  not  be  the 
same  that  was  observed  in  the  autumn  or  end  of  the  summer,  in  its  way  to 
the  sun,  from  which  it  may  now  be  returning.  I  am  sorry  I  was  disap- 
pointed of  the  pleasure  of  seeing  you  in  your  way  to  London,  and  more  so 
for  the  occasion  of  it,  though  I  hope  you  received  no  inconvenience  from 
having  been  so  wet  in  your  journey  from  Gloucestershire.  I  am,  with  great 
truth,  Your  very  affectionate  friend, 


and  faithful  servant, 

MACCLESFIELD. 

P.  S.  I  had  a  view  last  night,  just  for  a  moment,  of  the  supposed  comet, 
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through  the  two  foot  finder,  and  as  far  as  I  could  trust  my  memory,  with 
regard  to  the  situation  of  two  small  stars  that  appeared  in  the  glass  with  it, 
I  judged  it  to  have  moved  from  the  place  where  it  appeared  the  preceding 
night,  and  to  have  increased  its  declination,  and  lessened  its  right  ascension. 
The  wishes  of  the  season  from  all  here  wait  upon  you. 
Sunday  morning. 


[To  the  Rev.  Dr.  Bradley.] 
Dear  Sir,  Saturday,  Dec.  24, 1743. 

Last  night,  about  half  hour  after  seven,  I  thought  I  saw  a  comet,  and 
afterwards  found  it  to  be  one;  the  nucleus  in  the  telescope  seemed  con- 
siderably bigger  than  Jupiter,  with  a  large  capillitium  about  it,  though  little 
of  a  tail ;  'twas  as  easily  seen  as  a  star  of  the  second  magnitude.  I  went  as 
fast  as  I  could  to  Mr.  Sisson's,  but  his  son  was  out,  and  had  locked  up  the 
But  with  Mr.  Graham's  sector  I  observed  as  follows : 

DivU.  ,m  t 


50  40  : :  prcccd.  n  Androm. 


11 


6  12  preced.  ij  Androm. 
11   7  Comet   


22 


o  1 

2  50 

11.  -  « 

1 1  45  53  Sirius  passed  merid. 

c-  t 

.5  9 

.4  15 

.4  51 

.2  57 

4  29 

.2  59 

4  34 

8  2 

N.  B.  Comet  south  of  both  the 

stain. 

4  36 

The  comet  growing  low  and  sunk  in  vapour,  I  could  observe  no  more.  I 
can't  well  depend  on  the  observations  of  the  preceding  star,  the  moon  shone 
so  bright;  but  those  with  19  are,  I  believe,  pretty  well,  considering  the  size  of 
the  instrument. 

I  wish  you  a  merry  Christmas,  and  fair  sky.    I  shall  be  glad  to  know  by 
a  Une,  Monday,  to  Mr.  Sisson's  or  Mr.  Heath's,  what  you  have  seen. 
I  am,  sir,  your  very  humble  and  affectionate  servant, 

J.  BEVIS. 

Doubtless  you  may  take  the  comet  on  the  meridian  soon  in  the  evening. 

3  1 
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Oxon.  Jan.  12,  1743-44. 


Dear  Sir, 

I  SHOULD  sooner  have  given  you  the  trouble  of  a  letter,  but  was  unwill- 
ing to  write  till  I  could  give  you  a  better  account  of  the  state  of  my  family. 


We  have  all  had  slight  colds,  but  my  wife  has  been  most  violently  seized ; 
she  has  been  confined  above  five  weeks,  and  has  undergone  as  much  pain  in 
her  head  and  face  as  can  possibly  Ihj  conceived,  and  as  much  medicinal  disci- 
pline under  Dr.  Frewin's  directions  to  get  rid  of  it ;  which  I  thank  God  is 
now  happily  effected,  and  she  went  abroad  for  the  first  time  on  Wednesday 
last. 

I  have  enclosed  the  right  asc,  decl.,  and  long,  and  lat.  of  the  comet,  as 
observed  at  Shirburn,  which  I  have  computed  ;  the  micrometer  observations, 
my  lord  lays  no  stress  on,  as  his  eyeglass  was  not  well  fixed,  and  himself  not 
used  to  make  them  ;  they  were  taken  from  i?  Andromeda*.  The  27th  of  De- 
cember I  broke  the  thread  of  my  micrometer.  The  28th,  I  took  its  distance 
from  some  stars  with  Hadley's  quadrant,  but  I  find  by  the  Shirburn  olwerva- 
tion  that  night,  that  I  either  mistook  the  stars,  or  the  divisions  of  the  qua- 
drant, because  we  differ  near  two  degrees;  I  took  its  place  that  night  and 
the  31st  from  some  telescopidar  stars  by  the  micrometer;  and  also  its 
place  by  the  quadrant,  which  agrees  within  half  a  minute  with  the  meridio- 
nal observation  made  the  same  night  at  Shirburn.  I  have  not  had  one  oppor- 
tunity here,  nor  at  Shirburn,  to  observe  its  place  since.  As  we  have  had  so 
much  leisure  from  observing,  Mr.  Betts  has  been  trying  to  compute  the  orbits 
of  comets,  and  lias  taken  that  in  1742  for  an  example.  One  day  he  is  in 
raptures,  and  is  full  of  his  praises  of  yourself  and  Monnier.  Another  day's 
trial  sinks  him  again,  and  he  is  sure  Monnier  is  wrong  in  his  elements,  because 
they  won't  agree  with  his,  which  he  shall  believe  true  till  he  sees  they  dis- 
agree with  yours,  which  he  begs  you  would  send  when  you  write  to  me,  to 
save  him  from  distraction.  This  day  he  is  in  raptures,  having  found  out 
something  that  he  has  been  long  trying  after  in  vain,  I  wish  it  may  hold  till 
to-morrow.  I  should  l>e  glad  to  know  if  you  have  made  any  computations 
which  way  the  present  comet  is  going,  whether  direct  or  retrograde ;  and  if 
you  know  enough  of  its  orbit,  as  to  enable  us  to  find  him  when  he  becomes 
invisible  to  the  naked  eye,  and  whether  it  lie  the  same  you  saw  going  down 
to  the  sun  in  September  last,  &c.  Messrs.  Betts  and  Campliii  desire  to  join 
with  me  and  my  family  in  humble  service  to  yourself,  Mr.  Bradley,  and  Miss 
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Pound,  and  in  all  the  c  ompliments  of  the  season,  but  no  one  more  sincerely 


Your  most  affectionate  brother,  and  humble  servant, 

N.  BLISS. 

1743.    At  Shirburn. 

Comet'-  r.  a.     DrcL  i 


TnK.iv.Dec.  23.  at  5  22£  5  48   1  21  39  30  r  14   9  12  17  31  26 

Micr.    26.  at  11    8  4   4   2  21  12  27  12  25   2  17  47  10 

ByT.&Q.27.  at  4  54  3  41   7  21   7  23  12   2  25  17  51  29 

Micr.         at  7   2  3  39  24  21    7  25  12   0  54  17  52  11 

T.  &Q.  28.  at  4  48  3  11    8  20  59  22  11  32  11  17  55  54 

Micr.  dub.  at  6  54  3   4  24  20  59  13  11  26   7  17  58  23 

T.&Q.  31.  at  4  28  1  44  40  20  36  37  10   4  57  18   9  3 

P.  S.  1  have  computed  the  solstice  in  June  last  from  my  lord's  observa- 
tions, and  also  in  December. 

The  former  on  the  10th  day,  llh.  28'^  Shirburn  apparent  time. 

The  latter  on  the  10th  day,  l6h.   3'£  Shirburn  ap.  t. 
The  zenith  distance  in  the  summer  by  your  Table  of  refractions,  which  my 
lord  has  given  me  at  a  medium  of  four  days'  observations,  allowing  for  the 
alteration  of  the  sun's  decl.  =  28°  10'  57";  in  the  winter  75"  7'  53";  diff.  =  46° 
56"  56";  obliquity  =  23°  28'  28". 


[To  the  Rev.  Dr.  Bradley.] 

a  Paris  le  21  Janvier  1744. 

JE  n'ai  recu,  Monsieur,  qu'aujourd'hui  a  midi  la  lettre  obligeante  que 
vous  m'aves  fait  l'honneur  de  m'ecrire,  et  je  vous  repond  sur  le  champ,  quoi- 
qu'un  peu  a  la  haste :  Unc  autre  fois  j'aurai  plus  de  lobar;  Et  ne  me  reproches 
pas  d'avoir  ete  si  long  temps  dans  l'inaction.  Au  sujet  de  la  comet*,  j'en  ai 
ecrit  a  Mr.  Folkes,  mais\u»e  rapidement,  sans  lui  envoier  d'observations  quoi- 
que  ce  fut  le  4  Janvier.  J'ignorois  aussi  qu'elle  parut  lorsque  j'ai  ecrit  a 
Mr.  Sisson.  Cependant  M.  Cassini,  a  qui  M.  de  Reaumur  avoit  communique 
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line  lettrc  venant  de  Suisse,  l'avoit  observee  lc  30  Decembre  sans  m'en  avertir. 
Au  reste  on  l'a  observee  le  13  Decembre  n.  8t.  a  Lauzane,  et  son  mouvemeut 
etoit  asse  rapide,  car  il  etoit  de  40'  or  45'  par  jour,  du  moius  a  ce  que 
M.  Cassini  a  dit  de  vive  voix  a  l'academie. 

Quoiqu'il  en  soit,  mes  observations  ne  commencent  qu'au  3  Janv.  n.  st.  de 
mime  que  les  votres. 

A  5h.  31'  25"|  de  la  pendule  (demt  23h.  56'  8"£  =  360°)  la  comete  a  passe 
au  meridien  et  la  luisante  du  Belier  a  7h.  0'  44"£,  ce  qui  donne  pour  diffe- 
rence en  asc.  dr.  apparente  22°  13*  17"  le  soleil  avoit  passe  Oh.  3'  38"^  de  la 
oendule. 

ria  comete  27  10  40 

Dist.  au  zenith  observees<  ?  Androm.  ...25  59  50 

U  du  Belier  ...26  37  45  Au  Meridien. 

{Petite  *  27  5  45 
LaCom.  27  19  15 
?  Andr.  25  59  50 
a  «v»  26  37  40 

La  petite  etoile  precedoit  la  comete  de  1'  49  "|  et  £  Androm.  suivoit  la  comete 
de  12'  43  "|. 


Le  5  Janv.*'  5  jg  4,01  . .  \&  pgjfo  etoile  qui  precedoit  hier. 

^5  34  14$     bon  passage  de  ?  d'Andromedc. 
On  aura  done  depuis  la  luisante  du  Belier  23°  18'  16"^  ou  23°  27'  59"£  bon. 

(  5  13  26    la  Comete  passe  27  36  22$  : :  rectius  27°  3ff  0" 

'  \  5  30  23$  pass,  de  ?  d'And.  ...25  59  47* 
Ainsi  la  dist.  en  asc.  droite,  a  compter  depuis  a  du  Belier,  seroit  de  23°  59'  50". 

{5   7  33   la  comete  passe  au  fil  du  Q.  de  C.  mural  a  dist.  de  zenith  ob- 
servee de  27  44  30. 
5  1 1  59}  la  petite  etoile  qui  precedoit  le  4  au  soir  27°  5'  40". 
J'ai  rapporte  toutes  ces  observations  a  la  luisante  du  Belier,  parceque  j'en  ai 
estime  l'ascension  droite,  il  y  a  quelques  annees,  par  des  hauteurs  correspon- 
dantes  de  cette  etoile  et  de  Procyon. 

Le  10  Janvier  le  centre  du  soleil  a  passe  au  meridien  a  Oh.  f  15  de  la 
pendule,  et  avec  mon  micrometre  j'ai  observe,  a  6h.  Of  12"  de  la  pendule,  la 
comete  au  fil  horaire,  et  a  6h.  6'  5"  pass,  d'une  Etoile  qui  etoit  plus  septen- 
trionale  de  14'  42"£  on  40". 

Aiant  eu  occasion  d'ecrire  a  Mr.  Folkes  au  mois  de  Novbre  je  lui  envoiai 
la  plus  grande  partie  de  mes  observations  sur  le  passage  de  Mercure,  que 
j'espcre  qu'il  voudra  bien  communiquer  a  la  S.  R'.   Cependant  comme  l'ob- 
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servation  faite  au  meridicn  ne  s'aceordoit  pas  par  mes  deux  Quarts  de  Cercles, 
quant  a  la  difference  en  declinaison,  je  ne  1'ai  pas  encore  communiquee.  On 
n'a  pas  asse  de  temps  pour  estimer,  sur  le  Quart  de  Cercle  mural,  les  hauteurs 
quand  deux  astres  passent  a  la  fois,  aussi  je  fais  plus  de  cas  de  mes  observa- 
tions faites  au  Q.  de  C.  de  M.  de  Louville,  oil  j'ai  un  bon  micrometre, 
llh.  51'  11"  pass,  du  premier  bord  du  soleil  au  meridiem 
55'  38"  pass,  de  Mcrcure. 
57'  25"^  pass,  du  second  bord  du  soleil. 
Dist.  au  zenith.  Mon  Q.  de  C.  mobile  fixt:. 

64  35  45  ::  8  cent.  9  25  20+ 166*  P.  =  25  24  25 

64  46  224  ©bordinf.  ©25  20-246  P.=25  13  32$ 

64  46  274  Differ,  en  declinaison     10  52*. 

on  plus  exactement       10  53 

.  * .  This  letter  ha*  no  signature ;  but  there  can  be  very  little  doubt  of  its  being  from 
Le  Monnier,  since  a  letter  of  his  to  Foulkcs,  dated  15  Nov.  1743,  and  containing  hits 
i  on  the  transit  of  Mercury,  was  communicated  to  the  Royal  Society  at  their 
on  the  8th  of  the  following  December. 


[To  the  Earl  of  Macclesfield.] 

SINCE  my  return  to  Greenwich,  the  weather  has  proved  so  unfavourable 
for  astronomical  observations,  that  I  have  made  none  worth  communicating 
to  your  lordship;  but  the  new  year  approaching,  for  which  my  nephew 
has  computed  the  sun's  and  moon's  transits,  &c,  I  take  the  liberty  of  send- 
ing them,  with  my  hearty  wishes  (in  which  my  wife  likewise  joins)  of  the 
compliments  of  the  season  to  your  lordship,  lady  Macclesfield,  and  Mr.  Parker. 
I  am,  my  lord,  with  the  greatest  respect, 

Your  lordship's  most  obliged  humble  servant, 


Moxsieue.  a  Paris.ce  28  Juillet,  1744. 

J'AI  pris  la  liberty  de  faire  remettre  pour  vous  dans  un  envoi  que  le 
S.  Guerin  libraire  fait  actuellement  a  Londres  au  S.  Vaillant,  un  livre  d'Ephe- 
merides  que  j'ai  calculees  1'annee  derniere.  Je  souhaite  de  tout  mon  coeur 
qu'il  vous  fasse  plaisir.    J'y  ai  eu  principalement  en  vue  la  commodity  des 
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astronomes,  et  tout  ce  qui  est  necessaire  pour  preparer  les  observations.  Et 
quoique  je  n'aye  pas  1'honneur  d'etre  connu  de  vous,  j'ay  cru  que  vous  ne 
refuseries  pas  ce  petit  present.  C'a  etc  pour  moi  une  occasion  de  vous  faire 
connoltre  l'estime  singuliere  que  j'ai  de  vos  talens,  et  combien  j'applaudis  a 
la  reputation  que  vous  vous  etes  acquis*'  panni  les  astronomes,  qui  ne  font 
aucune  difficult^  de  vous  reconnoitre  pour  le  premier. 

Si  j'eusse  eu  en  mains  les  tables  auxquelles  votre  illustre  predecesseur 
M.  Halley  a  travaille,  peut-etre  eusse-je  fait  des  calcules  plus  conformes  aux 
vrays  mouvemens  celestes.  Je  vous  serois  infiniment  oblige"  si  vous  voulies 
bien  nous  faire  scavoir  ce  que  nous  pouvons  esperer  dans  la  suite,  et  si  les 
observations  et  les  tables  qu'il  a  faites  et  meme  imprimees  paroitront  bientot. 
Nous  les  attendons  avec  impatience. 

M.  Bouguer  im  des  astronomes  Francois  envoyes  au  Perou  est  icy  de  re- 
tour  depuis  peu,  il  n'a  iras  encore  rendu  compte  de  ses  operations ;  mais  on 
scait  qu'ils  out  trouve  la  terre  applatie,  et  lc  degre  sous  Tequateur  de  56550 
toises  de  Paris.  J'ai  fait  iinprinier  aussi  le  detail  de  toutes  les  operations 
geometriques  et  astronomiques  que  j'ai  faites  avec  M.  Cassini  le  fils,  pour 
reformer  l'ouvrage  de  son  pere  sur  la  figure  de  la  terre.  Je  vous  l'aurois 
envoy^  en  meme  terns,  si  je  n'eusse  et£  choque  du  precede  de  M.  Cassini.  qui 
s'est  entierement  empar£  de  ce  livre,  auquel  il  n'a  presque  mis  que  son  nom, 
et  dont  a  la  verite  il  a  pay£  les  frais  de  rimpression :  s'il  eut  et£  en  vente  j'en 
aurois  achepte  im  exemplaire  pour  vous,  et  un  pour  moi ;  mais  ce  livre  n'est 
pas  encore  pid)li£  que  je  scache.  Ce  que  je  vous  en  dis  icy  n'est  pas  pour  me 
plaindre  de  II.  Cassini,  mais  seulement  pour  vous  prevenir  sur  l'auteur  et  sur 
l'ouvrage.  Lorsque  vous  l'aurcs  vu,  vous  pourres  vous  assurer  de  ce  que  j'ai 
1'honneur  de  vous  dire,  en  vous  en  informant  a  ceux  de  notre  acaderaie  que 
vous  connoisses.  Cependant  vous  me  feres  plaisir  de  ne  temoigner  a  personne 
que  je  vous  en  ai  parl£  moimeme.  Je  vous  demande  mille  excuses  de  la 
liberty  que  j'ai  ose  prendre  avec  vous.  Mais  aussi  je  vous  prie  de  croire  qu'il 
n'y  a  personne  qui  soit  plus  port£  que  moi  a  vous  rendre  tous  les  services  en 
ce  pays-ci  dont  vous  me  jugeres  capable.  J'ay  1'honneur  d'etre  tres-parfaitement, 
Monsieur,  Votre  tres-humble  et  tres-obeissant  serviteur, 
LACAILLE. 

De  1'Ac.  Roy.  des  Sciences,  Prof,  de  Mathem.  au  coll.  Mazarin. 

Si  vous  me  faites  1'honneur  de  m'ecrire,  vous  pouves  le  faire  en  Anglois. 
Je  l'entens  asses  bien. 
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[To  the  Rev.  Dr.  Bradley.] 

Deah  Sik,  APril  24'  1745 

IN  the  course  of  printing  the  Pnecepta  Calculi,  which  I  have  drawn  up 
for  Dr.  Halley's  Tahles,  I  contrived  to  comprise  every  thing  relating  to  the 
moon  in  a  certain  number  of  sheets,  which  that  I  might  the  better  consider, 
digest,  and  alter  from  time  to  time,  I  have  reserved  to  be  wrought  ofF  last 
at  the  press.  There  are  some  things  still  in  which  I  am  a  little  embarrassed ; 
upon  which  I  should  think  myself  under  great  obligations  for  your  advice 
and  directions.  And  first  I  cannot  think,  or  be  informed,  of  what  end  the 
Dr.  had  in  the  form  of  lunar  epochs  and  motions  which  he  has  made  to 
anomalistic  years,  and  uses  with  the  sun's  mean  anomaly,  besides  that  of 
getting  the  moon's  place  without  regard  to  any  particular  style  or  other  form 
of  year,  as  Julian,  Gregorian,  &c. ;  and  at  the  same  time  involving  the  first 
or  annual  equations  of  the  >  apog.  and  a  in  the  i  pochs  themselves.  I 
never  could  hear  the  Dr.  explain  himself  upon  this  matter,  though  I  have 
hinted  it  to  him ;  nor  do  Mr.  Machin,  Mr.  Morris,  or  myself  remember  that  he 
ever  used  them  in  his  own  computations.  Mr.  Machin  fancies  he  might  have 
some  design  in  it,  which  he  afterwards  dropped,  and  would  have  no  notice 
taken  of  them  in  the  precepts :  yet,  I  think,  something  at  least  should  be  said 
about  them,  unless  it  be  judged  better  to  castrate  the  five  leaves  which  con- 
tain them.    Pray,  sir,  be  so  good  to  let  me  have  your  thoughts  about  this. 

The  next  thing  is,  that  the  Dr.  having  given  no  radixes  or  other  numbers 
of  the  I's  motion  from  the  o,  except  only  in  centuries  of  Julian  years,  I 
want  to  know  how  he  intended  the  mean  conjunctions  and  oppositions  of 
the  luminaries  should  be  found  out;  whether  by  a  Table  of  epacts  (of 
which  he  has  none  neither)  or  by  some  arithmetical  operation,  or  what  other 
way? 

About  a  year  ago  you  were  so  kind  to  help  me  out  of  a  difficulty  I  was  in 
about  applying  that  equation  of  the  interval  in  the  Saros,  for  future  lunar 
eclipses,  which  is  taken  out  with  the  arguraentum  annuum;  by  informing 
me,  that  in  such  eclipses  the  argument,  ann.  was  to  be  altered  six  signs,  be- 
cause the  Tables  were  made  to  the  suu.  This,  I  find,  brings  out  the  mean 
time  of  the  middle  of  the  future  eclipse  pretty  near  the  truth.  For  example, 
in  the  first  period  of  the  present  century,  the  mean  time  of  the  middle  of  the 
>'s  eclipse,  which  happened  in  Nov.  1714,  was  observed: 
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1714,  Nov.  10.     1   4  0 

Add  the  equat.  on  the  sun's  mean  anotn  39  SI 

and  the  equat.  on  the  arg.  ann.  +6  S  16  0 

and  the  period  besides  ,  18  years.  10.     7  43  24 

Gives  the  middle  of  the  next  corresponding  eclipse.. ..1732,  Nov.  20.  9  42  45 
Which  1  observed  in  Buckingham-street   1732,  Nov.  20.     9  39  15 

Error  of  the  computation   3  30 

I  suppose  that  in  the  Tab.  of  the  moon's  hor.  mot  diam.  and  parallax  in 

eclipses,  the  arg.  ann.  is  also  to  be  altered  in  like  manner,  when  the  eclipse 

is  lunar. 

However,  I  am  still  at  a  loss  as  to  the  use  of  the  numbers  in  the  last 
column  but  one  of  the  Saros :  for  indeed  I  am  not  sure  of  the  right  meaning 
of  its  title,  Lat.  Luna;  a  Sole.  I  guess  these  numbers,  together  with  those  in 
the  third  column  of  the  Table  of  the  equations,  entitled  Diff.  Lat.,  are  for 
determining  the  moon's  absolute  latitude  in  the  next  corresponding  eclipse ; 
but  in  what  manner  I  know  not.  In  the  eclipse  of  1714,  above  mentioned, 
the  Lat.  Luna?  a  Sole  is  marked  2*  42"  Bor.  Asc.*;  and  the  DifT.  Lat.  answer- 
ing to  o  mean  anom.  in  the  Table  of  equations,  0'  42".f 

I  flatter  myself,  sir,  you  will  not  only  forgive  the  troublesome  request  I 
make  you,  but  favour  me  with  your  answer  as  your  leisure  suits,  which  you 
may  please  to  order  to  be  left  at  Mr.  Graham's  for, 

Sir,  your  affectionate  humble  servant, 

J.  BEVIS. 

P.  S.  My  friend  Dr.  Stephens,  one  of  the  late  duchess  of  Marlborough's 
executors,  formerly  of  Corpus  Christi  coll.,  and,  I  think,  of  your  acquaintance, 
desires  me  to  ask  the  favour  that  you  would  permit  him  to  pay  you  a  visit ; 
he  having  thoughts  of  erecting  an  observatory  at  Marlborough-house. 

»  Desc.  in  MS.  f  47"  in  MS. 


[To  the  Rev.  Dr.  Bradley.  J 
glR  May  11,  1746. 

I  HAVE  been  here  twice  to  wait  upon  you  without  having  the 
tion  of  finding  you.  It  was  to  make  you  the  compliments  of  Mr.  Euler,  pro- 
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fessor  in  mathematics  at  Berlin,  and  to  communicate  to  you  the  lunar  Tables, 
(which  I  leave  here,)  and  upon  which  he  very  much  desires  to  have  your 
opinion,  being  thoroughly  acquainted  with  the  value  of  it.  I'll  do  myself  the 
honour  to  wait  upon  you  again  before  long,  not  only  to  receive  an  answer  as 
to  these  Tables,  but  to  have  an  opportunity  to  be  more  acquahited  with  a 
man  of  your  merit,  and  to  assure  you  of  the  sincere  respect  with  which 

I  am,  sir,  your  most  obedient  humble  servant, 

C.  WETSTEIN. 

1*11  only  add  this  little  extract  of  professor  Eider's  letter  relating  to  these 
Tables. 

Les  Tables  lunaires  que  je  vous  envoye,  je  les  ay  calculees  de  la  theorie  de 
feu  monsieur  le  chevalier  Newton ;  je  ne  les  donne  pas  encore  pour  parfaites, 
mais  la  correction  doit  etre  three  des  observations— quoyque  le  titre,  qui  a 
ete  mis  a  mon  inscu,  porte,  Tabuke  correct*,  je  ne  les  ai  donnees  que 
comme  un  Essay,  ou  Ton  ne  doit  regarder  que  la  forme  et  les  titres  des 
Tables.  Biles  sont  imprimees  comme  la  theorie,  jointe  aux  autres  Tables,  me 
les  a  fournies.  J'ay  trouvg  moy-meme  a  y  faire  diverses  corrections  depuis 
par  les  observations. 


[a  M.  le  Docteur  Bradley.] 

Monsieur,  *  Pari8  le  27  Nov' 1747' 

LE8  occupations  que  j'ay  eues  pour  mon  retour  de  Russie  en  France  ne 
m'ont  pas  permis  de  nqwndre  plutot  a  votre  derniere  lettre  de  Greenwich  le 
1-12  May  1746.  Je  vous  suis  bien  oblig£  du  detail  curieux  que  vous  avez 
bien  voulu  me  communique  r  de  votre  observation  du  dernier  passage  de 
Mercure  sur  le  soleil.  Quoyque  vous  aiez  et£  fort  incommode  par  le  mauvais 
terns,  vous  en  avez  cependant  pu  faire  des  observations  fort  exactes,  et  qui 
peuvent  etre  bien  plus  utiles  pour  la  theorie  de  cette  planete  que  bien  d'autres 
observations  du  mesme  passage  faites  par  d'autres  astronomes  qui  avoient  le 
terns  plus  favorable.  J'ay  surtout  4t&  ravi  que  vous  aiez  observe  le  diametre 
apparent  du  soleil  le  jour  mesme  de  ce  passage,  et  cela  avec  la  mesme  lunette 
de  quinze  pieds  avec  laquelle  vous  avez  observe  Mercure.  Cette  longueur  de 
lunette  est  plus  grande  que  Ton  n'en  emploie  ordinairement  dans  l'observation 
des  diaraetres  apparens  du  soleil  et  de  la  lune ;  aussi  cela  vous  a-t-il  procure 
de  vous  assurer  d'une  diminution  dans  les  diame'tres  apparens  du  soleil  dont 

3  K 


434 


CORRESPONDENCE. 


M.  Halley  n'a  pas  eue  connoissance.  Vous  dites  que  cette  diminution  que 
vous  avez  trouvee  par  differens  moiens  est  de  -J-  de  minute ;  il  seroit  extreme- 
meot  curieux  et  utile  pour  la  perfection  de  l'astronomie  et  la  precision  des 
observations,  que  vous  voulussiez  bien  publier  tout  le  detail  de  vos  observa- 
tions sur  cela,  avec  les  differens  moiens  que  vous  y  avez  emploiez.  Si  vous 
ne  voulez  pas  les  publier  vous-mesme  bientost,  je  vous  prie  de  vouloir  bien 
me  les  commuiiiquer,  je  tacherai  d'en  faire  le  meilleur  usage  qu'il  me  sera 
possible  dans  un  traite-  que  je  me  propose  de  publier  bientost  de  tous  les  pas- 
sages de  Mercure  sur  le  soleil,  dans  lequel  on  verra  la  necessity  qu'il  y  a  de 
counoitre  le  diametre  apparent  du  soleil  avec  toute  la  precision  iwssible,  et 
tel  qu'il  doit  paroitre  aux  lunettes  avec  lesquelles  on  observe  les  passages  de 
Mercure  sur  le  soleil ;  car  je  suis  dans  la  persuasion,  comme  je  l'ai  insinue 
dans  les  Mem.  de  l'Acad.  annee  1743.  p.  424.  que  les  diametres  apparens  du 
soleil  paroissent  de  differentes  grandeurs  selon  les  differentes  longueurs  de 
lunettes  que  Ton  y  emploie.  J'en  ai  la  preuve  par  des  observations  trez 
exactes  des  diametres  apparens  du  soleil  que  j'ai  faites,  il  y  a  prez  de  trente 
ans,  avec  des  lunettes  de  treize  et  vingt  pieds,  par  lesquelles  j'oi  trouv6  con- 
stamment  les  diametres  ap]iarens  du  soleil  de  plusieurs  secondes  plus  petits 
que  Ton  ne  les  avoit  trouvez  jusqu'alors  avec  des  lunettes  ordiuaires  de  six, 
sept  ou  huit  pieds  tout  au  plus. 

Je  soubaiterois  bien  que  vous  eussiez  pu  trouver  le  loisir  d'examiner  et  de 
mettre  en  etat  d'etre  publiees  toutes  les  observations  que  vous  avez  faites 
a  Wansted  depuis  plus  de  vingt  ans  sur  les  variations  des  £toiles  fixes,  qui 
ont  a  ce  que  vous  me  marquez  un  petit  mouvement  apparent  different  de  celui 
qui  provient  de  la  propagation  de  la  lumiere ;  j'ay  appris  que  M.  le  Monnier 
(qui  se  vante  fort  ici  de  la  correspondance  qu'il  a  avec  vous)  a  entrepris  quel- 
que  chose  sur  cela ;  mais  je  n'ay  pas  encore  sen  exactemeut  ce  qu'il  a  fait,  ni 
s'il  tient  de  vous  ce  qu'il  dit  avoir  decouvert. 

Je  persiste  toujours  dans  le  dessein  de  publier  les  Tables  des  satellites  de 
Jupiter  dans  la  forme  dans  laquelle  je  les  ai  mises  il  y  a  plus  de  vingt  ans, 
et  je  les  accompaguerai  de  leur  comparaison  avec  toutes  les  observations  que 
j'ay  pu  recueillir  jusqu'ici :  ces  calculs  sont  fort  avancez  depuis  long-terns ; 
mais  je  u'ai  pas  encore  recu  les  caisses  de  mes  papiers  oil  ils  se  trouvent. 

Depuis  que  PAcademie  des  Sciences  de  Paris  a  propose^  pour  le  prix  de 
1'annee  prochaine  1748  une  theorie  de  Saturne  et  de  Jupiter,  par  laquelle  on 
puisse  expliquer  les  inegalitez  que  ces  deux  planetes  paroissent  se  causer  mu- 
tuellement  principalement  vers  le  terns  de  leur  coujonctions,  j'ay  fort  travaill^ 
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sur  oe  sujet,  non  pas  dans  le  de&seiu  de  concourir  au  prix,  dont  je  suis  exclus 
comme  membre  de  l'Academie,  raais  paroeque  c'est  une  des  plus  curieuses  et 
des  plus  utiles  recberches  de  l'astronomie.  J'y  ai  emplote  principalement  les 
oppositions  de  Saturne  et  de  Jupiter  au  soleil  que  ftf.  Halley  s'est  donne"  la 
peine  de  calculer  et  de  comparer  avec  see  Tables  depuis  Fan  1657  ou  58  jus- 
qu'a  l'&lition  de  ses  Tables  en  1719-  Vous  me  feriez  un  trez  grand  plaisir, 
Monsieur,  si  vous  pouviez  ra'en  donner  la  suite  jusqu'nu  terns  present,  et  d'y 
joindre  aussi  les  oppositions  de  Mars  au  soleil  pendant  le  mesme  interval  de 
terns :  je  ne  doute  pas  qu'avec  l'aide  d'une  si  grande  suite  et  aussi  exactement 
observee  que  vous  l'avez  pu  faire  aprez  M.  Halley,  on  ne  puisse  dccouvrir 
pour  le  terns  present  la  loy  de  la  variation  de  laph&ie  de  ces  planetes,  et  du 
cbangement  de  leur  excentricite\  &c. 

Depuis  deux  ou  trois  ans  on  s'est  fort  applique*  dans  1'Acadlmie  d'ici  a 
rechercher  geom^triquement  les  effete  de  la  pesantcur  mutuelle  des  corps 
celestes,  suivant  les  loix  de  Kepler  demontrees  par  M.  Newton.  M.  Clairaut 
entr'autres  a  era  trouver  que  la  lune  ne  suivoit  pas  exactement  ces  loix,  et 
que  par  consequent  M.  Newton  s'y  etoit  troinpl  considerablcment,  surtout 
dans  le  mouvement  de  l'apogee,  qui  suivant  ces  loix  devoit  ctre  de  dix-huit 
ans,  au  lieu  que  M.  Newton  l'a  toujours  suppose  dc  ncuf  ans  seulement, 
comme  les  observations  astronomiques  le  donnent.  Je  ne  so^y  ce  que  M.  Ma- 
chin  en  dim.  et  surtout  ce  qu'il  rlpondra  aux  objections  que  M.  Clairaut  a 
publi&s  coutre  son  syst&me  dans  les  derniers  Memoires  de  l'Academie  pour 
l'annee  1743,  qui  paroissent  depuis  peu.  II  me  scmble  que  c'est  a  tort  que 
Messrs.  no*  astronoraes  et  gvorn&tres  disent  que  les  Tables  dressees  daprez  les 
principes  de  M.  Newton  ne  s'accordent  pas  toujours  exactement  avec  les 
observations,  aiant  vu  moy-mesme  avec  quelle  precision  les  tables  de  M.  Hal- 
ley  se  sont  accordees  avec  toute  la  suite  des  observations  que  ce  grand  astro- 
nome  a  faites  sur  la  lune  pendant  dix  annees  entieres  depuis  le  commencement 
de  1722  jusqu'au  commencement  de  1732,  et  sachant  le  peu  qu'il  y  a  a  ajou- 
ter  a  la  the\>rie  de  M.  Newton  et  aux  tables  de  M.  Halley  pour  les  rendre 
entierement  conformes  aux  observations.  Cest  a  quoi  je  m'appliquerai  aussi 
lorsque  j'aurai  pu  obtenir  la  suite  des  observations  de  M.  Halley,  qui  me 
manquent  depuis  le  commencement  de  1732  jusqu'a  sa  mort,  et  celles  qui  ont 
ete  faites  depuis.  C'est  pourquoi  je  vous  prie  trez-instamment  de  vouloir 
bien  m'envoier  le  resultat  de  celles  que  vous  pouvez  avoir  recueiUies  depuis  le 
commencement  de  1782  jusqu'a  present.  Si  vous  en  avez  fait  le  calcul  sur 
les  tables  de  M.  Halley,  comme  cet  astronome  avoit  accoutum£  de  le  faire 
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aussitot  aprez  cbaque  observation,  vous  m'obligcrez  aussi  trez  sensiblement  de 
vouloir  bien  in 'en  communiquer  le  resultat.  .T'y  joindrai  aussi  la  suite  de  plus 
de  dix  ans  d'observations  que  j'ay  faites  a  Peterebourg,  lorsque  je  les  aurai 
calculees,  ce  qui  produira  la  plus  grande  suite  que  Ton  ait  encore  eue  d'obser- 
vations exact. is  sur  la  lune,  qui  sera  la  meilleure  pierre  de  toucbe  dont  on 
pourra  se  servir  pour  eprouver  les  hypotheses  de  nos  geometres. 

M.  Clairaut  nous  a  annonn  panni  ses  nouvelles  decouvertes  une  nouvelle 
theorie  des  mouvemens  de  Saturn-  et  de  Jupiter,  dans  laquelle  il  a  determine* 
geometriquement  toutes  les  irregularitez  apparentes  du  mouvement  de  ces 
planetes  suivant  les  loix  de  la  pesanteur.  Lorsqu'il  nous  l'aura  communiquee, 
j'en  ferai  1'essai  sur  les  observations  de  M.  Halley  et  sur  celles  que  j'attends  de 
vous,  et  je  vous  inarquerai  ce  que  j'aurai  trouve\  Je  vous  prie  de  vouloir 
bien  me  dire  en  attendant  s'il  y  a  quelqu'un  en  Angleterre  qui  travaille  a 
present  de  la  mesme  manicre  que  Ton  fait  ici,  non  seulement  a  determiner 
geometriquement  ce  qui  doit  resulter  des  hypotheses  physiques,  mais  encore 
a  rassembler  des  observations  pour  les  comparer  avec  ces  hypotheses. 

Je  souhaiterois  scavoir  si  M.  Machin,  a  qui  je  vous  prie  de  faire  mes  com- 
plimens,  nc  se  determinera  pas  a  publier  son  trait  e  complet  de  la  pesanteur 
promis  depuis  si  long-tems?  qu'est-ce  qui  l'oblige  d'en  differer  tant  la  publi- 
cation? mandez-moi  aussi  si  Ton  va  bientost  rendre  publiques  les  tables  de 
M.  Halley,  et  si  M.  Bevis  (a  qui  je  vous  prie  de  faire  aussi  mes  complimens) 
a  fait  rintroduction  qu'il  avoit  promise  a  ces  tables. 

II  y  a  plusieurs  annees  que  j'avois  pri£  M.  le  chevalier  Hans  Sloane  de  me 
communiquer  quelques  cartes  manuscriptes  du  Japon  et  des  terres  voisines, 
qu'il  a  acquises  avec  les  papiers  de  Keinfer.  M.  Hans  Sloane  &oit  pret  de  le 
faire  alors  si  j'avois  et£  plus  a  portee  de  lui  etant  en  Russie,  et  s'il  n'avoit  eu 
lui-mesme  quelqu'envie  de  publier  sur  ces  cartes  un  petit  atlas  Japonois ;  mais 
comme  je  crois  qu'il  n'y  pense  plus  a  present,  je  vous  prie,  en  le  saluant  trez- 
respectueuseraent  de  ma  part,  de  lui  demander  quel  est  a  present  son  dessein 
sur  cela,  et  s'il  voudroit  bien  m'envoier  ici  ces  cartes  que  je  ferois  traduire  par 
des  Chinois  qui  sont  a  Paris.  Je  les  joindrai  ensuite  aux  memoires  que  j  ay 
apportez  de  Russie  sur  ces  pais-la,  surtout  aux  nouvelles  decouvertes  faites 
par  les  Russes,  et  je  composerois  sur  le  tout  de  curieuses  dissertations,  que  je 
soumettiois  au  jugement  et  a  l'usage  que  M.  le  chevalier  Hans  Sloane  en  vou- 
droit faire. 

II  y  a  ici  un  aatronome  fort  laborieux,  nomine*  l'abbe  de  la  Caille,  qui  a 
entrepris  entr'autres  ouvrages  de  calculer  toutes  les  cometes  dont  il  a  pu 
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recueillir  les  observations,  et  de  determiner  les  i  lumens  de  lew  cours  suivaut 
la  theorie  de  M.  Newton.  II  en  a  deja  ajoute"  plusieurs  a  celles  de  M.  Hal- 
ley  et  aux  v6tres ;  lorsque  j'aurai  pu  avoir  tout  ce  qu'il  a  fait  sur  cela,  je 
vous  en  donnerai  avis  pour  exempter  M.  Bette  de  faire  ce  que  M.  l'abbe  de 
la  Caille  auroit  deja  execute\  La  comete  de  1729-30  a  attire^  l'attention  de 
bien  des  astronomes  a  cause  de  la  duree  de  son  cours ;  vous  pouvez  voir  dans 
le  dernier  tome  des  Mem.  de  l'acad.  de  Paris  pour  l'annee  1743,  p.  195,  les 
elemens  que  M.  Maraldi  y  donne  du  mouvement  de  cette  comete,  suivant  le 
resultat  des  observations  de  M.  Cassini,  rapporte  dans  les  Mem.  de  1730.  II 
y  a  plusieurs  annees  que  j'ay  aussi  recherche*  les  elemens  de  cette  comete  sur 
les  mesmes  observations  de  M.  Cassini,  sans  avoir  eu  connoissance  auparavant 
du  travail  de  M.  Maraldi.  J'ai  communique  mes  Clemens  de  cette  comete  a 
plusieurs  astronomes,  comme  a  M.  le  Monnier,  qui  les  a  publics  a  la  fin  de  ses 
Institutions  Astronomiques,  p.  657.  Comme  ces  elemens  repr&entent  beau- 
coup  mieux  les  observations  que  ceux  de  M.  Maraldi,  j'ay  cru  vous  faire 
plaisir  de  vous  les  communiquer  avec  la  difference  du  calcul  a  l'obeervation. 
Je  crois  que  Ton  ne  peut  pas  approcher  plus  prez  des  observations  telles  que 
M.  Cassini  les  a  rapportees;  mais  il  n'en  a  donne*  que  le  resultat,  il  reste  pour 
une  plus  exacte  recherche  de  la  theorie  de  cette  singuliere  comete  a  avoir 
tout  le  detail  des  observations  de  M.  Cassini,  et  a  le  rectifier  sur  les  plus 
exactes  et  les  plus  nouvelles  positions  des  eioiles  fixes  auxquelles  cette  comete 
a  ete  comparee,  et  e'est  ce  que  M.  l'abbe  de  la  Caille  a  entrepris  a  prez  avoir 
eu,  pour  ce  dessein,  communication  du  journal  et  des  observations  particu- 
lieres  de  Messrs.  Cassini  et  Maraldi  sur  cette  comete.  Lorsque  j'aurai  connois- 
sance de  ce  que  M.  l'Abbe  de  la  Caille  aura  achev£  sur  cela,  je  vous  en  ferai 
part. 

Elemens  de  la  comete  des  annees  1729  et  1730  suivant  moy. 

Distance  du  Periheiie  au  soleil  408164  dont  la  moienne  distance  de  la  terre 
au  soleil  est  100000. 

Long,  du  Periheiie  22s  27'  8*». 

Passage  de  la  comete  par  le  Periheiie  terns  moien  a  Paris  le  25  Juin  1729 
a  9h.  21'. 

Lieu  du  noeud  ascendant  10°  32*  55"-. 

Inclinaison  de  l'orbite  de  la  comete  a  l'ecliptique  77°  1'  0". 

Cette  comete  est  directe. 
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Difference  du  calcul  a  Pobacrvation. 


en  Lung. 

Lm. 

en  Long. 

Lat. 

2  1*5— 

,  » 

3  19  + 

1720  Nov  10 

0  .">- 

i  ■ 

0  37— 

Bon  t  * 
o 

0  2+ 

0  7— 

14 

0  13  — 

1  16  + 

0  30  + 

0  28— 

16 

0  5  — 

1  444. 

10 

0  30  + 

3  8  + 

17 

*  • 

0  27  4- 

0  27  + 

11 

A  1- 

0  31  + 

0  35  — 

18 

0  25  — 

0  44  + 

12 

0  3(5  + 

0   1  — 

20 

0  30  + 

0  24  + 

1   2  + 

0  45  + 

22 

0  42  + 

2  15  + 

0  48  + 

1  26  + 

24 

0  43— 

0  38— 

in 

1  40-4- 

0  21  j. 

30 

0  5  + 

0  4  + 

19 

0  24+ 

0  20  + 

Dec  2 

2  34- 

1  19  + 

21 

0  27- 

1    4  + 

8 

1  5- 

1  19  + 

23 

0  7+ 

0  47  + 

9 

1  25- 

1  20+ 

26 

2  32- 

1  35- 

14 

1  50- 

0  15- 

Octob.  10 

1  22+ 

0  17- 

19 

2  8  + 

1    4  + 

11 

0  57+ 

0  31  + 

20 

2  46  + 

0  22- 

12 

029  + 

017- 

24 

1  42  + 

5  32+ 

14 

1  31  + 

0  40  + 

27 

011  + 

0  11  + 

19 

3  14+ 

0  47- 

1730,  Janv.  7 

2  21  — 

1  47+ 

22 

2  7- 

0  58- 

8 

2  83- 

2  8  + 

24 

0  7+ 

1  13  + 

16 

1  23- 

0  47  + 

2G 

1  40  + 

0  15  + 

17 

0  0 

0  6- 

27  I 

1  19  + 

0  22  + 

18 

1  50- 

0  29- 

Jc  suis  avec  unc  trez  porfaite  consideration, 

Monsieur,  votre  trei  humble  et  trez  obcissant  serviteur, 

DE  UISLE. 


[a  If.  lc  Docteur  Bradley.] 

Monsieur,  ce  2  Ma5"  1748- 

Ayant  trouve  une  occasion  sure  de  vous  faire  tenir  cette  lettre,  j'ai  pris  la 
liberty  de  vous  ecrire,  afin  de  vous  prier  instamment  de  me  faire  la  grace  de 
me  marquer  ce  qui  s'est  passe  en  Angleterre  pour  l'avancement  de  l'astrono- 
mie,  au  cas  que  vous  en  ayes  le  loisir  et  l'occasion  par  la  suite.  Nous  som- 
ines  icy  a  Paris  sur  cet  article  dans  une  parfaite  ignorance  depuis  plus  de 
trois  ans :  nous  ne  voyons  ni  livres  ni  nouvelles  litteraires  de  votre  pays,  d'ou 
cependant  les  plus  inte'ressantes  ont  coutume  de  venir.  Je  ne  scais  s'il  en  est 
de  meme  de  vous  a  notre  egard :  dans  ce  cas  serois-je  asses  beureux  de  vous 
faire  plaisir  en  vous  disant  en  peu  de  mots  ce  qui  me  revient  actuellement  a 
la  meraoire  sur  ce  qui  s'est  passe*  icy  a  Paris  depuis  quelques  annees  ?  Quoi- 
que  vous  le  scachies  peut-etre  mieux  et  de  meilleure  part,  je  ne  laisserai  pas 
de  vous  le  dire. 
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Depuis  le  retour  de  noe  mathematiciens  du  Perou,  on  n'a  pas  encore  publie 
de  relation  de  leurs  operations.  II  en  paroit  seulement  un  abrege  dans  leg 
Memoires  de  l'Acadeinie  pour  l'annee  1744,  qu'on  va  publier  incessamment. 
J'ai  quelque  idee  de  vous  avoir  envoy£  la  grandeur  du  degre'  qu'ils  ont  deter- 
minee,  mais  je  soupc.onne  de  ne  vous  avoir  pas  donne  la  vraye,  ne  la  s^achant 
alors  que  sur  le  rapport  de  M.  Cassini,  qu'il  m'avoit  fait  par  memoire.  Cette 
vraye  mesure  du  degre  de  l'equateur  rtduite  au  niveau  de  la  mer  est  de 
56746  toises. 

Nos  geometres  ont  beaucoup  travaille  sur  la  theorie  de  la  lune.  Le  resultat 
de  leurs  calculs  est  qu'en  resolvaut  dans  la  rigueur  le  probleme  de  trois  corps 
animes  de  forces  centrales  en  raison  inverse  du  quarre*  de  la  distance,  et  en 
appliquant  la  solution  a  la  lune,  il  u'eu  resulte  qu'environ  la  znoiti£  du  mouve- 
ment  de  i'apogee,  de  sorte  que  M.  Clairaut  pretend  qu'il  faut  apporter  quel- 
que modification  a  cette  loi  de  la  raison  inverse  du  quarre"  de  la  distance : 
M.  Dalembert  et  lui  ont  donne*  de  nouvelles  methodes  pour  construire  des 
tables  de  la  lune  d'une  manierc  bien  diflerente  de  celle  de  M.  Newton. 

M.  Clairaut  a  donne  des  formules  tres-simples  pour  calculer  raberration  de 
la  lumiere  dans  les  planetes  et  les  cometes.  Celle  des  planetes  se  reduit  a 
cette  analogic  Comme  le  rnouveinent  boraire  du  soleil  multipbe  par  le  rayon 
du  grand  orbe,  est  a  la  distance  de  la  terre  a  la  planete  multiplied  par 
20",  ainsi  le  rnouveinent  boraire  de  lustre  vu  de  la  terre  est  a  la  quantite 
dont  Taberration  a  diininue"  sa  longitude,  son  ascension  droite,  sa  declinaison, 
&c.  selon  que  le  mouvement  horaire  e^toit  en  longitude,  en  ascension  droite, 
ou  en  declinaisou,  &c. 

M.  Bouguer  vient  de  nous  coinmuniquer  une  construction  de  lunette  propre 
a  mesurer  fort  exactement  les  diametres  du  soleil  et  de  la  lune,  et  surtout 
leurs  variations.  Ce  sont  deux  objectifs  de  tneme  foyer,  les  plus  longs  sont 
les  meilleurs,  pourvu  qu'ils  puissent  etre  renfermes  dans  une  lunette  facile  a 
manier.  Ceux  dont  il  s'est  servi  pour  executer  son  idee  sont  de  18  pieds  de 
foyer.  II  les  met  a  cot£  l'un  de  1'autre  au  bout  de  son  tuyau,  et  leur  donne 
un  seul  oculaire  commun :  ces  deux  objectifs  sont  places  &-]>eu-pres  dans  un 
meme  plan,  mais  tellement  ecartes  que  les  images  des  deux  bords  opposes 
du  soleil  se  toucbent  a  l'eudroit  de  leur  foyer,  en  sorte  que  lorsque  le  dia- 
metre  du  soleil  vient  a  croitre,  les  images  de  ces  bords  antici]>ent  l'une  sur 
1'autre  d'une  quantite  facile  a  mesurer  avec  un  micrometre.  Cet  instrument 
est  tres-propre  a  faire  voir  si  les  diametres  horizontaux  et  verticaux  du  soleil 
sont  egaux :  car  en  tournant  la  lunette,  le  contact  des  deux  images  se  fait  en 


Digitized  by  Google 


440 


CORRESPONDENCE. 


diflerens  points  de  la  circonfeVence  du  soleil :  Par  ce  moyen  M.  Bouguer 
soup9onne,  sans  l'assurer  cependant,  que  les  diametres  du  soleil  ne  sont  pas 
parfaitement  egaux,  ce  qu'on  pourra  verifier  dans  la  suite.  Je  ne  scais  si  je 
me  suis  enonce  clairement,  mais  pour  une  personne  aussi  intelligent  que 
vous,  je  crois  que  j'en  ai  dit  asses,  ce  que  vous  y  suppleeres  facilement,  aussi 
bien  qu'a  ce  que  je  ne  vous  ai  pas  dit  sur  le  reste  de  ses  usages. 

If.  le  Monnier  nous  a  donne  quelques  olwervations  sur  l'inegalite  de  la 
precession  des  equinoxes,  qu'il  trouve  conforme  a  ce  qui  resulte  de  la  theorie 
de  M.  Newton.  Mais  e'est  de  vous  que  nous  attendons  la  vraye  determina- 
tion de  cette  inegaliu .  dont  la  decouverte  vous  appartient,  et  je  vous  avoue 
que  je  serois  charm£  d'avoir  la-dessus  quelque  chose  de  certain  de  votre  part, 
etant  actuellement  occupe"  a  un  travail  considerable  sur  les  etoiles  fixes.  Je 
sens  qu'il  me  sera  impossible  de  faire  rien  de  complet,  si  je  ne  suis  assure  de 
la  vraye  maniere  d'avoir  egard  a  la  precession  des  equinoxes.  Quoique  je 
sois  asses  bien  fourni  de  bons  instrumens,  et  que  j'aye  un  lieu  tres-comrnode 
pour  observer,  je  n'en  ai  pas  d'asses  grands  pour  des  determinations  si  deli- 
cates,  ce  qui  d'ailleurs  demandent  un  terns  considerable  et  une  longue  suite 
d'observations.  C'est  pourquoi,  sans  vouloir  vous  engager  a  me  donner  des 
eclaircisscmens  particuliers  sur  cette  matiere,  je  vous  prie  de  me  faire  scavoir 
si  vous  aves  public  quelque  chose  la-dessus,  ou  si  nous  avons  lieu  d'esperer 
quelque  dissertation  de  votre  part  sur  cette  matiere. 

Le  memc  M.  le  Monnier  pretend  avoir  decouvert  que  les  diametres  du 
soleil  apogee  sont  sujets  a  des  inegalites  periodiques. 

Pour  moi  j'ai  beaucoup  travaille  sur  la  theorie  des  cometes.  J'ai  complete 
le  catalogue  de  M.  Halley  en  y  ajoutant  la  theorie  de  toutes  celles  dont  on  a 
un  nombre  suffisant  d'observations.  Parmi  celles  que  j'y  ai  ajoute\  il  y  en  a 
deux  qui  vous  appartiennenL  J'ai  calcule  toutes  les  autres :  j'ai  celles  de 
1729,  1742,  1744  aussi  exactes  qu'elles  puissent  etre,  ayant  verifie  toutes  les 
observations  de  la  premiere,  et  fait  exacteraent  celles  des  deux  autres.  Vous 
trouveres  ce  catalogue  dans  le  livre  cy-joint,  que  j'ai  l'honneur  de  vous  adres- 
ser,  non  comme  un  present,  car  il  ne  merite  pas  ce  nom,  mais  comme  une 
ebauche  d'un  traits  elementaire  d'astronomie,  que  je  compte  retoucher,  et 
mettre  en  etet  d'etre  public.  Car  quoiqu'il  soit  imprime,  je  ne  1'ai  distribue 
qu  a  quelques  amis,  et  a  mes  ecoliers  a  qui  je  l'ai  explique\  J'en  ai  tire"  peu 
d'exemplaires,  pour  n'en  donner  au  public  que  la  seconde  edition ;  si  en  le 
parcouraut  vous  y  trouvies  quelque  chose  qui  merit /it  la  r^forme,  vous  m'obli- 
geries  beaucoup  de  me  l'indiquer.    Je  ne  voudrois  pas  hazarder  de  faire 
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imprimer  une  esquisse  aussi  grossiere,  si  je  nYtois  oblige"  de  mettre  entre  les 
mains  de  mes  disciples  des  matieres  a  expliquer.  Vous  y  trouveres  la  mithode 
dout  je  me  suis  servi  pour  calculer  l'orbite  des  cometes ;  j'ai  retouch^  cette 
methode,  et  1'ai  mise  dans  un  meilleur  etat  pour  etre  inseree  dans  les  Me- 
moires  de  l'Academie. 

On  n'a  pas  publie  icy  de  livres  sur  l'astronomie  depuis  plus  de  quatre  ans, 
si  ce  n'est  une  traduction  de  l'lntroduction  de  M.  Keill,  dans  laquelle  on  a 
insere  bien  des  choses  que  l'auteur  n'auroit  peut-etre  pas  avouees.  On  y  a 
mis  les  tables  de  la  lune.  Si  le  livre  en  eut  valu  la  peine,  ou  si  Ton  en  avoit 
donne  quelque  autre  digne  d'attention,  je  me  serois  fait  un  plaisir  de  vous  le 
faire  remettre  par  la  meme  occasion. 

Nous  n'avons  encore  rien  vu  icy  d'ouvrage  posthume  de  M.  Halley,  pas 
meme  la  table  imprim^e  dont  vous  me  files  l'honneur  de  me  parler,  sur  les 
differences  entre  les  lieux  de  la  lune  observes  et  calcules.  Peut-on  sravoir  si 
rAngleterre  jouit  a  present  du  fruit  de  ses  longs  travaux  ?  et  si  ses  tables 
astronomiques  sont  enfin  imprimees  et  publiees.  Oseroit-on  vous  demander 
si  vous  avt-s  etabli  la  theorie  des  variations  de  l'obliquite'  de  l'ecliptiquc  que 
Ton  attend  de  vous,  et  sans  vous  obliger  a  detailler  cette  thtorie,  quelle  est  a- 
])eu-pres  la  loi  de  ces  variations,  et  quelles  en  sont  les  limites,  atin  de  les 
comparer  aux  observations  que  j'ai  faites  tous  les  ans  avec  beaucoup  de  soins? 
enfin  a-t-on  publie  quelque  dtcouverte  nouvelle,  ou  donn£  quelque  bon  livre 
sur  l'astronomie  depuis  quatre  ans  ? 

Je  ne  seais,  Monsieur,  ce  que  vous  penseres  de  ma  hardiesse,  je  me  flatte 
que  vous  l'exeuseres,  en  l'attribuant  au  grand  desir  que  j'ai  de  voir  per- 
fectionner  une  science  qui  fait  mon  unique  passion.  Je  ne  vou9  aurois  pas 
importune  directement,  si  la  guerre  ne  nous  fermoit  tous  les  passages  et  toute 
communication  avec  l'Angleterre,  ou  si  ceux  qui  peuveut  avoir  des  nouvelles 
litteraires  de  ce  pays-la,  n'en  faisoient  pas  de  mystere,  pour  se  faire  passer 
dans  l'occasion  pour  des  homines  merveilleux.  Nous  en  avons  malheureuse- 
ment  quelques-uns  de  cette  humeur  dans  notre  academic 

Au  reste  je  ne  pretens  pas  vous  obliger  en  rien  sur  la  reponse  a  cette 
lettre;  si  vous  en  aves  le  loisir  et  l'occasiou,  vous  me  feres  beaucoup  d'honneur; 
et  si  vous  m  indiques  quelque  bon  ouvrage  nouveau,  j'aurai  soin  de  le  faire 
venir,  sans  vous  charger  de  cette  peine. 

J'oublioiB  de  vous  marquer  que  j'ai  fait  une  suite  aux  Iphlmerides  pour 
dix  ant  res  annees :  le  travail  n'en  a  dure"  que  six  mois  et  demi :  j'ai  garde 
la  meme  forme  que  dans  le  premier  volume,  j'y  ai  seulement  mis  quelques 
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calculs  plus  precis:  j'en  rendrai  compte  dans  la  preface.  J'y  joindrai  une 
dissertation  sur  l'usage  des  observations  de  la  lune,  et  une  sur  le  passage  de 
Venus  sur  le  disque  du  soleil,  lequel  doit  se  faire  en  1761.  Je  vous  avoue 
iugenument  que  je  ne  crois  pas  cette  observation  susceptible  de  la  precision 
que  M.  Halley  lui  donne,  et  cela  par  le  peu  d'accord  que  je  vois  entre  nous 
sur  le  moment  de  l'observation  de  la  sortie  de  Mercure  de  dessus  le  disque 
du  soleil.  Ainsi  je  pense  qu'il  y  a  beaucoup  a  rabattre  sur  ce  que  M.  Halley 
nous  promet  pour  la  parallaxe  du  soleil.  Je  serois  cependant  bien  aise  que 
vous  m'en  disies  un  mot :  car  je  m'en  rapporterois  plus  volontiers  a  vous  qu'a 
tout  autre.    Le  livre  ne  parottra  que  dans  deux  ou  trois  ans. 

Je  vous  demande  mille  excuses  de  mon  importunity,  et  du  peu  d'ordre  que 
j'ai  mis  dans  cette  lettrc.  J'ai  eu  a  peine  une  heure  pour  Fecrire.  J'ay  l'hon- 
neur  d'etre  avec  l'estime  la  plus  singuliere  et  la  veneration  la  plus  profonde, 

Monsieur, 

.  Votre  tres-humble  et  tres-obeissant  serviteur, 
LACAILLE. 
Prof,  de  Mathem.  au  College  Mazarin,  a  Paris. 


[a  M.  1c  Docteur  Bradley  ] 

Monsieur,  8  Paris' le  3  Jui»  1748' 

DEPUIS  votre  agreable  lettre  du  1-12  May  1746,  j'ay  eu  l'honneur  de 
vous  ecrire  par  la  voie  de  Hollande  le  27  Nov.  dernier.  J'aurois  bien  sou- 
haite  que  cette  lettre  vous  fut  parvenue,  et  que  vous  m'eussiez  fait  rhonneur 
d'y  repondre;  mais  je  nay  pas  encore  la  certitude  que  vous  l'aiez  recue, 
aiant  et£  prive  de  votre  reponse  jusqu'ici.  Sur  ce  que  je  vous  ai  mande  dans 
ma  derniere  de  la  veritable  grandeur  des  diametres  apparens  du  soleil,  j'ajou- 
terai  que  e'est  une  matiere  qui  a  ete  fort  agitee  ici  a  Tacademie  depuis  le 
commencement  de  cette  annee,  et  sur  laquelle  on  s'est  propose  de  faire  de 
nouvelles  observations  cet  ete,  dont  je  vous  ferai  part. 

Vous  avez  pu  ai)prendre  par  les  nouvelles  publiques  que  quoyque  Ton  ait 
accorde  le  prix  proiws^  par  l'academie  pour  l'annee  1748,  sur  rin^galit^  des 
mouvemeus  de  Saturne,  l'academie  a  cependant  juge  a  propos  de  proposer 
encore  le  mesme  sujet  pour  le  prix  de  Tann^e  1750.  Je  vous  en  envoie  Tan- 
nonce  ]>our  vous  engager  d'y  travailler,  etant  une  matiere  des  plus  curieuses 
et  des  plus  utiles  de  l'astronomie  et  de  la  physique  celeste,  et  que  vous  etes 
eu  etat  de  traiter  mieux  que  personne. 
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Je  vous  envoie  aussi  un  exemplaire  d'un  avertissement  que  j'ay  fait  im. 
primer  a  Paris  sur  l'eclipse  annulaire  prochaine  du  soleil.  Comme  cette 
eclipse  doit  paroitre  telle  en  Erosse  (ainsi  que  celle  de  1737)  je  souhaiterois 
bien  que  Ton  l'y  observat  exactement,  et  que  vous  voulussiez  bien  en  ecrire 
pour  cela  a  ceux  que  vous  y  connoissez,  afin  que  Ton  y  fit  toutes  les  observa- 
tions dont  j'ay  parle  dans  mon  avertissement. 

Je  vous  ai  deja  marque  ma  deraeure  a  Paris,  qui  est  au  college  Roial,  place 
de  Cambrai :  aprez  l'agreable  nouvelle  des  preliminaircs  signez  entre  l'Angle- 
terre  et  la  France,  nous  pouvions  nous  Ecrire  plus  souvent.  Je  souhaiterois 
seulement  que  vous  me  fournissiez  plus  d'occasions  de  satisfaire  votre  curio- 
eit^,  et  de  vous  donner  des  preuves  de  la  singuliere  estimc  et  du  parfait 
attachenient  avec  lesquels  j'ay  l'lionneur  d'etre,  Monsieur, 

Votre  trez-humble  et  trez-obcissant  serviteur, 

DE  L'ISLE. 


[a  M.  le  Ducteur  Bradley.] 
„ra  a  Paris,  le  13  Juin  1748. 

QUOYQU'IL  n'y  ait  que  dix  jours  que  je  vous  ai  ecrit,  en  vous  envoiant 
|>ar  la  voie  de  Hollande  un  exemplaire  rogne*  de  mon  avertissement  aux 
astronomes  sur  l'eclipse  prochaine  du  soleil,  que  Ton  espere  devoir  t-tre  annu- 
laire dans  plusieurs  endroits  de  1'Europe,  et  principalement  en  Ecosse ;  aiant 
l'occasion  de  vous  en  faire  teuir  un  autre  exemplaire  mieux  conditionne,  je  ne 
l'ai  pas  voulu  manquer.  Cest  le  zele  de  M.  le  Monnier  pour  l'astronomie  qui 
l'a  determine"  a  aller  observer  cette  eclipse  a  Edimbourg.  II  est  accompagne 
dans  son  voyage  par  un  jeune  Allemand  Prussien,  nomme,  Grischow,  qui  est 
de  la  Soc.  R.  de  Prusse,  et  que  j'ay  ammen^  a  Paris  pour  le  perfectionner 
dans  l'astronomie :  j'ay  l'honneur  de  vous  le  n  commander  de  la  maniere  la 
plus  forte,  vous  priant  de  lui  pennettre  l'accez  et  l'usage  de  vos  instrumens  a 
Greenwich,  et  d'assister  quelquefois  a  vos  observations :  il  en  aura  toute  la 
reconnoissance  possible ;  et  outre  cela,  comme  il  est  deja  fort  avanc^  dans  la 
connoissance  de  ce  qu'il  y  a  de  plus  parfait  dans  les  instrumens  d'astronomie 
et  de  plus  fin  dans  la  pratique  de  cette  science,  le  surcroit  de  connoissance 
qu'il  y  acquerera  par  vos  lumieres  ne  toumera  qu'a  l'a  vantage  de  l'astronomie 
et  a  l'honneur  de  la  nation  Angloise,  lorsque  de  retour  dans  son  pais  il  t'ta- 
blira  un  observatoire  sur  le  modele  de  tout  cc  qu'il  aura  vu  de  plus  parfait. 

Si  vous  ne  m'avez  pas  encore  fait  l'honneur  de  repondre  a  mes  dernieres 
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lettres  par  la  poste,  vous  en  pouvez  charger  Monsieur  Grischow,  qui  ne  fera 
pas  un  long  sejour  en  Angleterre.  Je  suis  en  attendant  avec  la  considera- 
tion la  plus  parfaite,  Monsieur, 

Votre  trez-humble  et  trez-ob&ssant  serviteur, 

DE  L  ISLE. 


Clariss.  et  Rev"1'  D.  D.  Jacobe  Bradley. 

MITTO  tibi,  revercndissime  praises,  observationem  cometa?,  qui  hoc  anno 
1748  sub  finem  Aprilis  nobis  apparuit,  ad  cujus  calcem  tabellam  revolutio- 
num  ejus  adjeci,  ut  a  te  corrigatur,  augeatur,  et  perficiatur;  unde  mihi,  et  rei 
siderea;  cultoribus  probe  constet,  quam  verura  sit  clariss.  D.  Isaaci  Newtoni 
systetna  cometicum,  meis,  et  tantorum  virorum  Regiae  Academise  vestra;  ob- 
servationibus  comprobatum.  Spero  illain  videre  amplissima  eruditione  tua 
correctain,  et  auctam,  et  accuratis  observationibus  tuis  pcrfecte  ornatan). 
Londinum,  et  oppidura  sancta;  Mariae  majoris,  sunt  loca  inter  se  valde  dissita, 
ac  proinde  ex  observationibus  utrobique  institutis  hujus  cometa?  parallaxes 
indagare  licebit.  Vellem  insuper  a  te  scire,  num  visus  sit  alter  coineta,  qui 
cundo  et  redeundo  periodum  suam  breviori  tempore  peragat,  quam  iste  pyro- 
bolus  aethereus  a  me  nuucupatus. 

Anno  superiori  1747,  mense  Septembri,  misi  clariss.  domino  Matthaeo  Sa- 
rayva,  medico  Brasiliensi,  Reg.  Acad,  vestra?  socio,  observationes  comets  a 
clar.  D.  Josepho  Betts  institutas  anno  1744,  inensibus  Jan",  et  Febr°.  quibus 
meas  adnexui,  et  manu  mea  delineavi :  nam  ab  initio  Martii  ejusdem  anni  a 
vespertino  ad  matutinum  idem  cometa  transiens  se  nobis  videndum  prasbuit 
usque  ad  finem  Junii.  Sane  toto  tempore  apparitionis  ejus  incommoda  vale- 
tudine  pressus  baud  potui  ilium  dietim  observare. 

Tabulas  planetarum,  et  satellitum  Jovis  juxta  novum  systema  celeberrimi 
geometra  ,  et  angelica?  subtilitatis  viri  Isaaci  Newtoni  a  summo  astronomo 
doctore  Halley  diu  elaborates,  jam  pridem  videre  desidero.  Rugo  te,  sapien- 
tissirne  pra?ses,  ut,  si  fieri  potest,  illarum  participem  me  facerc  digneris.  Pre- 
cor  Deum  Opt.  Maximum  ut  te  impleat  omni  benedictione,  prosperitate,  feli- 
tate,  salute,  et  gaudio.  Ex  oppido  S.  Maria?  majoris  in  missionibus  Para- 
quariac  16  Julii,  ann.  1748. 

Sapientiss.  et  Revme  D.  D. 

Tuus  addictissimus  et  devotissimus  servus, 

BONA  VENTURA  SUAREZ. 
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Observations  Cocnela-  hahiuv  in  oppido  S.  Maria;  majoris  mission um 
Paraquarise  a  P.  Bonavcntura  Suarcz,  soc.  Jesu,  anno  1748.  a 
24.  Aprilis  u»quc  ad  30.  cjusdcm,  horis  post  med.  noctem. 


April  is  man**. 

Lstitiido. 

Ak.  Rcctt. 

DccUn. 

D. 

U.  m. 

s. 

O.     /  « 

0.  / 

O.  / 

24 

4  0 

X 

12  53  38 

21  31  0 

h 

336  0 

13  10 

b 

25 

4  6 

X 

16  30  as 

26   6  5 

837  15 

18  40 

26 

4  36 

X 

20  19  42 

30  37  30 

b 

338  30 

24  10 

b 

27 

5  40 

X 

23  47  4 

34  56  0 

839  16 

29  20 

28 

4  10 

X 

28    0  18 

38  32  18 

b 

340  45 

34  6 

b 

29 

5  40 

r 

2  13  36 

42  10  0 

342  0 

88  50 

80 

6  0 

<r 

6  34  83 

i.j  v>  :H) 

1. 

348  6 

48  80 

b 

Die  1 .  Maii  Cometa  horizonti  proximus  sub  crepusculo  matutino  «egre  con- 
spiciebatur;  die  vero  2.  propcrans  ad  Boream  sub  horizonte  latuit. 


juxta 


Loca  Fixarum, 
8.  Junii,  et  deinceps,  labentis  anni  1748.  calculo  suppuuta, 
ecliptics;  obliquitas  gr.  23.  m.  29.  s.  0. 


Qua?  in  cubito  dextro  Aquarii 

In  dextra  tnanu  burealior 

In  eadem  manu  australior  praeccd 

Sequens 

Lucida  colli  Pegasi 
Dextrum  genu  Pegasi 
Lucidam  colli  sequens 
Prwcedens  duarum  in  pectore 


Sequens  duarum 
In  extr.  catena?  annulo  Androm. 
Crus  Pegasi,  Schcat 
Prima"  ala;,  Markab 


8. 
11 
11 
11 
11 

11 
11 


O.  , 

3  10 
5  8 
5  27 
658 


o.  , 

0  8  18  0 

010  31  0 

6  8  53  0 

0  8  10  0 


12  35  5017  48  34 
22  14   4  35  9  30 


11  13  24  2318  37  28  b 
11  19  26  3828  47  44) 

11  20  49  29  25)26  43l~b 
0  4  14  0  43  47  0 
11  25  54  1231    8  20  b 
11  19  59  4219  24  50 


Ate.  H„  t... 


332  5  17 

333  5  36 
338  57  0 
.335  35  47 


837  10  33 

837  47  9 

838  30  80 
338  36 


339  28  57 
342  31  28 

342  53  25 

343  8  16 


IJnhruit. 


23  18 
40  59 
26  44 
13  51 


o.  , 
2  38 

0  9a 

1  14  a 
1  25  a 

~937 
28  57 
11  2 
22  12 


»*i  A  sketch  is  annexed  to  the  observations,  shewing  the  places  of  the  comet  among 
the  stars  with  which  it  was  compared;  and  for  this  the  Greek  letters  have  been  substi- 
tuted, which  distinguish  them.  Dextrum  genu  Pegasi  might  seem  to  direct  us  to  i  rather 
than  to  r„  but  this  is  the  description  which  is  used  both  by  Ptolemy  and  Flamstccd,  and 
the  drawing  shews  that  another  smaller  star  is  very  near  on  the  south  of  that  in  question, 
as  »  is  with  respect  to  i. 
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It  was  thought  unnecessary  to  reprint  the  longitudes  and  latitudes  e  catalogo  Bartschii, 
which  are  added  to  the  places  determined  by  observation :  and  some  long  speculations 
are  omitted  on  the  supposed  identity  of  the  comets  of  1748,  1742,  1787,  1723,  which 
are  built  on  little  more  than  the  possibility  of  its  return  at  intervals  of  about  six  years. 


[To  the  Rev.  Dr.  Bradley.] 
Margaret-street,  Cavendish-square,  Aug.  1,  1748. 

Reverend  Sir, 

THE  enclosed  paper  is  a  transcript  of  one  which  I  received  last  Friday  by 
course  of  post  from  a  correspondent  of  mine  at  Elgin,  in  the  shire  of  Murray 
in  Scotland ;  it  contains  his  observations  of  the  late  eclipse  of  the  sun,  which 
I  think  are  very  curious,  and  do  therefore  hope  it  will  not  be  unacceptable  to 
you.  The  latitude  of  Elgin  is  57°  40',  and  in  our  common  maps  it  is  2°  45' 
west  of  the  meridian  of  London. 

In  his  letter  to  me  (dated  July  15th)  he  expresses  himself  thus:  "  To 
"  my  great  joy,  the  day  of  the  solar  eclipse  was  as  favourable  here  as  I  could 
"  have  wished.  I  have  sent  you  enclosed  a  note  of  such  observations  as  I 
"  made ;  and  am  sure  of  being  exact  as  to  the  duration  of  the  annulus,  for 
"  its  formation  and  breaking  were  most  sensible ;  and  it  was  exceeding  plea- 
"  sant  to  behold  the  tremulous,  irregular,  bright  spots*  of  the  sun  betwixt  his 
"  cusps  in  the  instant  before  they  united  and  broke.  The  weather  was  cloudy 
"  about  noon  some  days  before,  so  that  on  the  preceding  day  I  could  not  get 
M  my  clock  adjusted  so  well  as  I  could  have  wished.  But  if  there  is  any 
"  error,  I  am  sure  it  must  be  very  small ;  for  on  this  day  it  was  the  least  I 
"  could  possibly  perceive." 

By  this  it  appears  to  me  that  my  friend  has  been  very  accurate  in  his 
observations ;  for  the  clocks  were  then  going  faster  than  the  sun ;  and  at  the 
end  of  the  enclosed  paper,  he  mentions  his  clocks  being  a  very  little  before 
the  meridian.    With  my  best  wishes  to  Mrs.  and  Miss  Bradley,  I  am, 

Rev.  Sir,  your  most  obliged  humble  servant, 

JAS.  FERGUSON. 

*  I  cannot  think  how  any  part  of  the  sun  could  be  seen  betwixt  his  cusps  before  they  united 
and  after  they  broke,  unless  it  has  been  through  some  inequalities  of  the  moon's  limb ;  nud 
whether  the  tremulous  motion  at  that  time  might  be  occasioned  by  any  thing  besides  an  atmo- 
sphere about  the  moon.  (J.  F.) 
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ENCLOSURE. 

Observations  of  the  Solar  Eclipse  July  14th,  1748,  made  by  Mr.  Alexander 
Irvine,  Minr.  at  Elgin,  North  Britain. 

HAVING  some  days  before  adjusted  my  pendulum  clock  with  a  meridian 
line,  with  a  telescope  above  three  feet  long  I  observed  the  eastern  limb  of  the 
moon  to  enter  on  the  western  limb  of  the  sun  about  30°  from  the  zenith  of 
the  sun,  at  8h.  5f\  though  I  suspect  the  eclipse  began  sooner.  The  upper 
part  of  the  breach  reached  the  zenith  of  the  sun  about  9h.  6'.  The  eastern 
limb  of  the  moon  reached  the  centre  of  the  sun  at  9h.  39'.  The  cusps  of  the 
sun  joined  on  the  western  limb  about  30°  from  the  zenith  of  the  sun,  and  so 
the  annulus  began  at  lOh.  SO'.  The  annulus  appeared  most  perfect  at  lOh. 
i%  45";  and  as  nearly  as  I  could  observe,  I  thought  it  a  little  narrower  on 
the  south-west  limb  of  the  sun,  than  it  was  on  the  opposite  side.  The  annu- 
lus was  observed  to  break  on  the  south-cast  limb  of  the  sun,  about  30°  from 
the  south  point,  at  lOh.  25'  30".  Before  the  joining  of  the  cusps  of  the  sun, 
and  at  the  breaking  of  the  annulus,  a  tremulous  motion  was  observed,  and 
irregular  bright  spots  of  the  sun  'twixt  the  cusps ;  and  the  motion  of  the 
moon's  body  was  thought  to  be  a  little  quicker  about  the  time  of  the  annulus, 
than  any  other  time  of  the  eclipse.  Before  the  western  limb  of  the  inoon 
reached  the  sun's  centre,  the  sun  was  hid  by  clouds,  and  continued  so  till 
within  some  little  time  before  the  ending  of  the  eclipse,  which  was  at 
llh.  50'. 

The  darkness  during  the  annular  eclipse  was  not  so  great  as  immediately 
before  it;  and  by  the  naked  eye  a  bright  star  (which  I  took  to  be  Venus) 
was  seen  eastward  of  the  sun,  a  little  below  the  ecliptic.  A  very  good  burn- 
ing glass  could  not  burn  during  the  continuance  of  the  annulus,  though  it  did 
a  little  before  and  after  it.  The  day  was  pretty  fair,  only  a  little  cloudy  and 
some  rain  while  the  sun  was  hid.  And  by  the  above  account  the  eclipse 
continued  2h.  53",  and  the  annulus  continued  5'  30". 

July  15th.  Having  examined  my  clock  this  day  at  noon,  (not  having  had 
sunsliine  for  some  days  past,)  I  find  it  is  a  very  little  before  the  meridian ; 
and  therefore  some  small  time  is  to  be  deducted  in  all  the  above  observa- 
tions. 
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[To  the  Rev.  Dr.  Bradley.] 

de  Londres  12  Aoust  1748. 

Monsieur, 

JE  vous  rends  encore  une  fois  infiuiment  graces  de  la  bonte1  dont  vous 
m'avez  honored  comme  j'avois  l'honneur  d'observer  avec  vous  et  avec  M.  Bevis 
le  passage  de  f3  Draconis  par  votre  grand  murail :  en  effet  j'en  fus  extreme- 
ment  charm^,  et  la  seule  grace  que  je  detnande  encore,  c'est  de  vouloir  bien 
me  communiquer  la  distance  vraie  ou  apparente  de  jS  Draconis  au  zenit  de 
Greenwich,  pour  que  je  puisse  m'en  servir  a  mon  retour  a  Berlin,  parceque 
cette  etoile  passe  tout  proche  du  zenit  de  l'observatoire  de  Berliii.  J'ai  pris 
aussi  la  liberty  de  vous  envoyer  un  verre  objectif  de  8  pieds  pour  l'examiner 
et  centrer.  Je  suis  extremement  iuortifi£  de  la  peine  que  je  vous  cause ;  mais 
je  vous  assure,  Monsieur,  que  je  n'oublierai  jamais  toutes  ces  bontes,  et  je  ne 
souhaite  que  d'avoir  l'occasion  de  vous  temoigner  ma  reconnoissance.  Je  me 
souviens  que  vous  m'avez  dcmande  les  dernieres  corrections  des  tables  de  la 
luue  de  M.  Eider,  c'est  pourquoi  je  m'en  vais  vous  donner  un  abreg£  de 
l'histoire  de  ces  tables.  Ilya  environ  trois  ans  que  M.  Elder  a  trouv£  une 
fonnule  generate  pour  determiner  a  tout  terns  le  lieu  vrai  de  la  lune  dans  son 
orbite ;  mais  il  avoue  lui-meme  que  cette  fonnule  n'etant  pas  absolument  in- 
tegrable,  il  a  £t£  oblige  de  changer  cette  formule  en  une  series,  de  sorte  qu'il 
a  integre  chaque  tenne  en  particulier.  Ayant  done  trouve  cette  series  pour 
determiner  le  lieu  vrai  de  la  lune,  il  a  publie  en  1745  pour  la  premiere  fois 
ses  tables,  fondles  principalement  sur  les  observations  de  Mr.  Flamsted,  et  je 
crois  que  cette  premiere  edition  vous  sera  peut-etre  inconnue :  bientot  apres 
M.  Euler  a  change  la  correction,  ou  equationem  centri  lunae  t-tablie  dans  la 
premiere  edition,  et  a  fait  imprimer  l'equationem  centri  sur  une  feuille  a 
part ;  mais  voyant  que  le  lieu  de  la  lune  calcule  sur  ces  tables  diff&roit  le  plus 
Bouvent  d'un  \  de  degre"  de  l'observation,  il  a  public*  en  1747  la  seconde 
edition  de  ses  tables  lunaires,  en  ajoutant  encore  quelques  corrections  qu'il  a 
trouves  en  integrant  encore  quelques  termes  de  la  series  pour  le  lieu  de  la 
lune,  c'est  cette  Edition  qui  se  trouve  dans  les  opuscules  de  M.  Euler :  mais 
un  mois  apres  que  ces  tables  furent  publiees,  il  a  trouv£  que  le  lieu  calcule* 
sur  ces  tables  nc  s'accordoit  pas  encore  avec  1 'observation,  de  sorte  qu'il  a  ete* 
oblige  d'integrer  encore  quatre  termes  de  la  series;  mais  les  tables  etant  deja 
imprimees,  il  etoit  impossible  d'ajouter  ces  quatre  corrections ;  c'est  pourquoi 
je  les  ai  calculees  moi-meme  pour  m'en  servir  et  puisque  ces  quatre  nouvelles 
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equations  ne  sont  pas  irnprimees,  j'ai  juge"  a  propos  de  vous  les  communiquer 
dans  cette  lettre  que  je  prends  la  liberte  de  vous  ecrire.  Vous  savez,  Monsieur, 
que  dans  les  dernieres  tables  de  la  lune  de  M.  Euler  (que  vous  avez  sans  doute) 
il  y  a  huit  corrections  ou  equations  pour  le  lieu  vrai  de  la  lune  dans  son  orbite ; 
pour  avoir  done  le  lieu  vrai  plus  exactement,  il  faut  corriger  le  lieu  de  la  lune 
corrigt-  par  ces  huit  corrections  encore  par  ces  quatre  equations  suivantes. 


TAB.  IX. 

Arg.  Ab  anomalia  luna?  subtrahatur  anomalia 
solis. 


G  ni- 

0. 

I. 

II. 

III. 

IV. 

V. 

dus. 

+ 

+ 

+ 

+ 

+ 

+ 

0 

0  0 

0  43 

1  14 

1  25 

1  14 

0  43 

30 

5 

0  7 

049 

1  17 

1  25 

1  8 

036 

25 

10 

0  15 

055 

1  20 

1  24 

1  5 

0  29 

20 

15 

0  22 

1  0 

1  22 

1  22 

1  0 

0  22 

15 

20 

029 

1  5 

1  24 

1  20 

0  55 

0  15 

10 

25 

0  36 

1  8 

1  25 

1  17 

0  I'.) 

0  7 

5 

30 

043 

1  14 

1  25 

1  14 

0  43 

0  0 

0 

Gra- 

XI. 

X. 

IX. 

VIII. 

VII. 

VI. 

dua. 

TAB.  X. 

Arg.    Anomalia  lunie  addatur  ad  anomaliam 
solis. 


Gra- 
cilis. 

O. 

I. 

irrmT 

IV. 

V. 

0 

5 

0  0 
0  7 

<f  38 
0  43 

i  h 

1  8 

4  • 

1  15 
1  15 

1  5 
1  1 

dss 

0  81 

30 
25 

10 
15 
20 

0  13 
0  19 
0  26 

0  48 
053 
0  57 

1  10 
1  12 
1  14 

1  14 
1  12 
1  10 

0  57 
0  53 
0  48 

026 
0  19 
0  13 

20 
15 
10 

25 
30 

0  31 
0  38 

1  1 

1  5 

1  15 
1  15 

1  8 
1  5 

0  43 
0  88 

0  7 
0  0 

0 

xi. 

\t 

-f 

IX. 

VUl 

+ 
VII. 

Gra- 
dus. 

TAB.  XI. 

Arg.    A  dupla  distantia  solis  a  hum  subtrahatur 
(anomalia  lunar— anomalia  solis.) 


Gra- 

0. 

I. 

II. 

III. 

IV. 

V. 

dus. 

+ 

+ 

+ 

+ 

+ 

+ 

0 

6  d 

6  44 

i  16 

1  28 

a  16 

0  44 

30 

5 

0  8 

050 

1  20 

1  28 

1  12 

0  37 

25 

10 

0  15 

0  57 

1  23 

1  27 

1  7 

0  30 

20 

15 

0  23 

1  2 

1  25 

1  25 

1  2 

023 

15 

20 

030 

1  7 

1  27 

1  23 

0  57 

0  15 

J?_ 

25 

0  37 

1  12 

1  28 

1  20 

0  50 

0  8 

5 

30 

0  44 

1  16 

1  28 

,« 

0  44 

0  0 

0 

Gra- 

XI. 

X. 

IX. 

VIII. 

VII. 

VI. 

dus. 

TAB.  XII. 

Arg.  A  dupla  distantia  solis  a  I  una  subtrahatur 
(anomalia  lunie  +  anomalia  solis.) 


Gra- 

O. 

I. 

II. 

III. 

V. 

dus. 

+ 

+ 

+ 

+ 

+ 

0 

6  6 

0  32 

0  55 

I  8 

0  55 

d  32 

30 

5 

0  5 

036 

0  57 

1  3 

0  52 

0  27 

25 

10 

0  11 

0  41 

0  59 

1  2 

0  48 

0  22 

20 

15 

0  16 

0  45 

1  1 

1  1 

045 

0  16 

15 

20 

0  22 

048 

1  2 

0  5}) 

0  41  Oil 

10 

25 

0  27 

0  52 

1  S 

0  57 

036 

0  5 

5 

30 

0  32 

055 

1  3 

055 

0  32 

0  0 

0 

- 

Gra- 

XI. 

X. 

IX. 

VIIllVII. 

VI. 

dus. 

Voila,  Monsieur,  les  quatre  equations  qu'il  faut  encore  ajouter  a  ces  huit 
equations  qui  se  trouvent  dans  les  tables  de  la  lune  de  M.  Euler  in  Opusculis 
ejus.  Mais  les  observations  de  la  lune  que  vous  avez  envoyees  a  M.  Euler  ont 
fait  voir  que  le  lieu  de  la  lune  calcule  sur  ces  tables  ne  a'accorde  pas  encore 
avec  robeervation ;  e'est  pourquoi  M.  Euler  s'est  mis  a  corriger  de  nouveau  ses 
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tables ;  mais  il  ne  m'a  envoye-  que  les  formules,  sans  avoir  calculi  les  tables ; 
c'est  la  derniere  correction  des  tables  de  la  lune  de  M.  Euler,  qui  ne  differe 
pas  pourtant  beaucoup  des  tables  qui  se  trouvent  dans  les  Opusculis,  en  y 
ajoutant  les  quatre  Equations  precetlentes.  Voila  done,  Monsieur,  les  der- 
nieres  fonnules  de  M.  Euler. 


i  des  tables  de  la  lune. 

Ayant  pris  le  lieu  moyen  de  la  lune  sur  les  tables  de  M.  Cassini,  on  y 
ajoutera  1'  26"  pour  avoir  la  longitude  moyenne  de  la  lune.  Ayant  aussi 
suppute  le  lieu  de  l'apogee  sur  les  tables  de  M.  Cassini,  on  en  retranchera 
14'  81"  et  du  fi  il  faut  soustraire  6'  5".  Aprils  cela  on  chercbera  l'anomalie 
excentrique  du  soleil  =  a ,  l'anomalie  excentrique  de  la  lune  =  v,  et  on  corri- 
gera  la  longitude  moyenne  par  les  formules  suivantes ; 

• 

—  227(H)  sin.  u 
+    157  sin.  2u 

—  4  sin.  3u 
+    680  sin.  a 

—  75  sin.  (u+a) 
+      85  sin.  (u—  a ) 

Ayant  corrig^  le  lieu  de  la  lune  par  les  formules  precedentes,  on  retranchera 
le  lieu  vrai  du  soleil  du  lieu  corrige  de  la  lune;  soit  done  >  —  O  =  ij,  et  on 
aura  les  formules  suivantes  pour  calculer  le  lieu  vrai  de  la  lune  dans  son 
orbite : 

-  128  sin.  i)  —56  sin.  (2ij  +  a  ) 
+  2040  sin.  2,  -  75  sin.  (2,-  a  ) 

4-    30  sin.  4pj  +  89  sin.  (2j|-u  +  a  ) 

+    80  sin.  (ij-u)  +63  sin.  (2,-u-  a) 

+    56  sin.  (2.,  +  t/)  +33  sin.  (2i,-2tf+  a) 

-  4725  sin.  (2,-u) 
+    20  sin.  (4i— o) 
+  570  sin.  (2i?-2«) 
+    60  sin.  (4ij-2«;) 

-  30  sin.  (4,-Su) 

Ayant  coi-rige"  la  longitude  moyenne  de  la  lune  par  toutes  ces  formules,  on 
aura  la  longitude  vraie  dans  l'orbite.  Vous  voyez,  Monsieur,  que  ces  formules 
so  lit  extremement  embarrassantes,  c'est  ce  qui  m'a  empeche'  que  je  n'ai 
pas  calcule*  beaucoup  de  lieux  de  la  lune  sur  ces  formules,  pour  les  comparer 
avec  les  observations ;  je  crois  cependant  que  j'ai  trouve'  assez  souvent  encore 
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unc  difference  de  5  ou  6  minutes  entre  le  calcul  et  l'observation.  M.  Euler 
a  public  dernierement  une  dissertation  de  tabulis  vera  momenta  noviluniorum 
ac  pleniluniorum  exhibentibus ;  des  que  j'aurai  recu  ce  memoire,  j'aurai  l'hon- 
neur  de  vous  le  communiquer.  Par  la  derniere  lettre  que  j'ai  recue  de 
M.  de  l'lsle,  j'ai  ete  in  [form£  qu]e  l'Acad<;raie  Royale  de  Paris  vous  a  recu 
m[embr]e  a  la  place  de  M.  Cervi.  M.  de  l'lsle  me  marque  en  meme  terns  que 
toute  I'academie  s'est  applaudie  de  cette  cboix,  ayant  acquis  un  si  digne  mem- 
bre  que  vous,  Monsieur;  en  verite  je  m'en  rejouis  beaucoup,  et  j'ai  1'honneur 
de  vous  en  feliciter  de  tout  mon  caeur.  A  cause  du  manvais  tems  on  n'a  pu 
observer  a  Paris  ni  le  commencement  ni  la  fin  de  1  Yd  i ps e  du  soleil.  M.  de  l'lsle 
attend  impatiemment  ce  qu'il  vous  a  demande*  dans  les  lettres  qu'il  vous  a 
envoy^es.  Je  viens  de  recevoir  une  lettre  de  M.  le  Monnier;  il  m'a  marque 
qu'il  est  alle  jusqu'a  quarante  milles  au-dessus  d'Edinbourg,  pour  observer 
I'eclipse  des  Pleiades  par  la  lune  qui  est  arrivee  le  5  Aoust  au  matin.  II  est 
parti  le  8  Aoust  d'Edinbourg  pour  Londres  par  la  paste,  et  il  arrivera  ici 
Lundi  ou  Mardi  prochain.  Enfin  je  vous  prie,  Monsieur,  de  vouloir  bien  con- 
tinuer  de  m'honorer  de  votre  faveur  et  aniitie,  vous  assurant  que  je  serai 
toute  ma  vie  avec  beaucoup  d'estime,  Monsieur, 

Votre  tres-humble  et  tres-oWissant  serviteur, 

A.  N.  GRISCHOW. 


[a  M.  le  Docteur  Bradley.] 

a  Paris,  ce  19  Aout,  1748. 

Monsieur, 

J'AI  recu  avec  un  tres-grand  plaisir  rouvrage  que  vous  m'aves  fait  re- 
mettre  par  M.  Anderson.  Outre  l'envie  que  j'avois  depuis  longtems  de  voir 
ce  que  vous  avies  fait  sur  les  mouvemens  apparens  des  etoiles  dus  a  Taction 
de  la  lune  sur  la  terre,  je  souhaitois  d'avoir  quelqu'occasion  de  m'entretenir 
avec  l'astronome  dont  je  respecte  le  plus  les  lumieres.  Et  je  profite  avec 
bien  de  l'empressement  de  celle  que  m'offre  le  present  obligeant  que  vous 
venes  de  me  faire. 

Sans  doute  que  vos  observations  exerceront  beaucoup  les  geometres  pour 
c-hercher  la  cause  des  mouvemens  que  vous  aves  remarques.  C'est  une  nou- 
velle  route  que  vous  leur  ouvres;  mais  la  theorie  qui  doit  y  conduire  est  bien 
difficile,  et  peut-etre  toute  entire  a  decouvrir.  Car  celle  que  M.  Newton  a 
donnee  sur  la  precession  des  equinoxes  me  paroit  bien  loin  de  suffire  pour 
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cela.  D'aiHeurs  je  vous  avouerai  que  cette  theorie  ne  m'a  jamais  satisfait,  je 
n'ai  point  reconnu  dans  sa  m&hode  de  prendre  en  total  lea  mouvemens  des 
parties  de  la  terre  ni  la  subtilite  ni  la  sun  t,  ordinaire  de  ce  grand  homme. 
Je  n'entrerai  pas  actuellement  dans  un  grand  detail  sur  cette  matiere,  parce- 
qu'il  y  a  deja  fort  longtems  que  je  ne  1'ai  examinee,  et  que  je  suis  occupe  a 
une  autre  partie  du  systdme  du  monde,  qui  merite  aussi  une  grande  attention. 
C'est  la  theorie  de  la  lune.  Vous  aures  peut-etre  entendu  i>arler  d'un  memoire 
que  j'ai  lu  a  l'assemblee  publique  de  la  S.  Martin  derniere.  Quoiqu'il  en  soit, 
voici  de  quoy  il  etoit  question  dans  ce  memoire.  J'avois  premierement  resolu 
le  probleme  connu  sous  le  nom  de  probleme  des  trois  corps,  dans  lequel  je 
determinois  la  courbe  deVrite  par  un  corps  autour  d'un  autre,  par  la  lune,  par 
exemple,  autour  de  la  terre,  pendant  que  oes  deux  corps  sont  attires  l'un  et 
l'autre  par  un  troisieme  corps.  J'avois  toujours  trouv6  de  grandes  difficulty 
dans  la  theorie  de  la  lune  de  M.  Newton,  a  cause  que  tous  les  points  differens 
qui  la  composent  sont  examines  chacun  en  particulier,  comme  si  les  autres  ne 
s'y  compliquoient  pas,  et  je  ne  pensois  pas  qu'on  put  etre  satisfait  sur  cette 
matiere  avant  d'avoir  v*u  une  solution  complete  du  probleme  ou  toutes  les 
considerations  entrent  a  la  fois. 

La  micnne  m'a  conduit  beureusement  a  une  equation*  de  l'orbite  de  la  lune 
dont  tous  les  termes  sont  fort  simples ;  ils  ne  renferment  chacun  qu'un  sinus 
d'angle  tres-aise"  a  reduire  en  tables,  aussitot  que  les  quantites  qui  entrent 
dans  les  coefficiens  sont  determines  par  les  observations.  Ce  que  mes  re- 
cherches  m'ont  donne  de  plus  important,  c'est  cette  remarque,  a  laquelle  je  ne 
m'attendois  pas,  que  le  mouvement  de  l'apogee  n'etoit  que  d'un  peu  moins  de 
la  moitie  de  ce  que  les  observations  apprennent,  en  sorte  qu'en  ce  point 
l'attraction,  du  moins  telle  que  M.  Newton  l'a  supposee,  n'est  pas  suffisante 
I  nir  expliquer  les  mouvemens  de  la  lune. 

Ce  qui  m'a  paru  de  plus  simple  pour  remedier  a  cet  inconvenient,  c'est  de 
supposer  une  autre  loy  d'attraction  que  celles  des  quarres  des  distances.  En 

*  La  forme  de  cette  equation  dans  le  cas  ou  Ton  suppose  l'orbite  du  soleil  sans  excen- 
tricileest  celle-cy  — —-r  (1  — '  Cos.  Y  +  a  Cos.  2T  +  j3  Cos. ST—  V  +  y  Cos.  2T  +  Y  + 

T  K 

See);  r  repre"scntant  le  rayon  vecteur  A",  e, «,  /3,  y  des  constantes,  Y  I'unoinalie  de  la  lune, 
T  la  distance  ou  I'^longation  des  deux  luminaires.  Les  termes  qui  suivent  y  Cos.  2T+  Y 
sont  des  cosinus  d'angles  de  meme  nature  comme  2T— 2Y,  2T— 3Y  See.  dont  on 
pourra  prendre  un  nombre  plus  ou  moins  grand  suivant  l'exactitude  qu'on  voudra  ob- 
tcnir,  mais  toujours  tres-petits.  Lorsqu'on  a  egard  a  l'excentricitt?  du  soleil,  il  cntre  quel- 
ques  termes  de  plus,  el  le  probleme  ne  renferme  pas  de  nouvelles  difficulty. 
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exprimant  cette  loy  ainsi—  +  JJL  +     +  &c.  on  peut  rendre  les  exposans  et  les 

coefficiens  de  ces  termes  tels  que  les  mouvemens  des  planetes  principales  seront 
sensiblement  les  memes  que  daus  la  loy  ordinaire,  et  que  le  niouvement  de 
l'apogee  de  la  lune  qui  en  resultera  sera  le  reel.  De  plus  on  pourra  expliquer 
par  la  ineme  loy  tous  les  phenomenes  pour  lesquels  on  avoit  recours  a  des 
loix  partieulieres,  comme  l'ascension  des  liqueurs  dans  les  tuyaux  capillaires, 
la  refraction  de  la  lumiere,  &c.  La  gem'ralite  de  cette  loy  m'a  paru  un  avan- 
tage.  Au  reste  je  ne  suis  pas  attache  a  mon  explication,  et  je  suis  pret  a  en 
accepter  toute  autre  qui  rl-pondra  aux  phenomenes.  Je  ne  m'tloignerois  pas, 
par  exemple,  de  supiJoser  entre  l'attraction  ordinaire  de  II.  Newton  quel- 
qu'autre  espece  d'attraction  particuliere  a  la  terre,  et  qui  agiroit  sur  la  lune. 
Mais  quelque  chose  qu'on  imagine,  il  me  paroit  demontr£  qu'il  faut  autre 
chose  que  l'attraction  ordinaire  inversement  proportionelle  aux  quarres  des 
distances. 

Au  reste  la  theorie  de  la  lune  qui  resulte  de  ma  solution  est  fort  diflerente 
de  celle  de  M.  Newton :  je  ne  trouve  point  comme  lui  des  variations  d'excen- 
tricit*  et  des  inegalites  dans  le  mouvement  de  1'apogee.  Cependant  quoique 
les  observations  s'accordent  avec  ces  variations,  il  n'en  faut  pas  conclure  que 
les  tables  qui  resulteront  de  ma  theorie  seront  d£menties  par  la  nature,  parce- 
que  les  difierentes  especes  de  termes  qui  sont  dans  mon  equation  pourront 
bien  faire  le  meme  effet  que  les  variations  dans  l'excentricite  et  dans  le 
mouvement  de  l'apogee.  Et  si  les  tables  de  M.  Newton  cadrent  si  bien  avec 
les  observations,  je  ne  crois  pas  non  plus  qu'on  doive  en  inferer  que  sa  theorie 
l'a  mieux  conduit  au  vray,  parceque  je  ne  vois  pas  du  tout  qu'il  ait  tin'-,  comme 
il  l'auroit  du,  ses  tables  de  la  scule  supposition  de  l'attraction  mutuelle  du 
solcil,  de  la  terre  et  de  la  lune.  Mais  il  me  paroit  au  contraire  qu'il  a  fait  ses 
tables  sur  les  loLx  du  mouvement  de  la  lune  detenninees  par  les  astronomes, 
et  qu'il  y  a  fait  cadrer  sa  theorie  par  des  raisons  vagues  et  pen  propres  a  satis- 
faire  les  geometres.  J'ai  peur  de  vous  parottre  trop  hardi  de  parler  ainsi  de 
M.  Newton;  si  j'etois  connu  cependant  de  vous,  vous  verries  qu'on  ne  sau- 
roit  en  avoir  une  plus  haute  idee  que  celle  que  j'ai  du  reste  de  ses  ouvrages, 
et  de  l'obligation  que  tous  les  mathematiciens  lui  ont.  Mais  ce  que  je  dois 
encore  plus  craindre,  c'est  de  vous  ennuyer  par  une  si  longue  lettre.  Je  finis 
done  en  vous  assurant  de  l'estirae  parfaite,  avec  laquelle  j'ai  l'honneur  d'etre. 

Monsieur, 

Votre  tres-humble  et  tres-obtissant  serviteur, 

CLAIRAUT. 
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Si  vous  me  faites  l'honneur  de  me  r^pondre,  je  vous  serai  bien  oblige*  de 
me  dire  ce  que  M.  Machin  a  fait  et  public*  depuis  son  petit  ouvrage  The  Laws 
of  Moons,  &c.  Je  n'ai  pas  ete*  satisfait  de  ce  que  j'ai  pu  decouvrir  de  sa 
theorie,  et  j'ai  expose*  mes  raisons  dans  un  memoire  que  j'ai  lu  a  l'Acad.  en 
1743.  Je  serois  bien  charme*  de  savoir  ce  que  vous  en  penses  au  cas  que 
vous  ayes  pris  la  peine  de  le  lire,  et  je  voudrois  bien  savoir  aussi  ei  M.  Machin 
en  a  ete  inform^. 

[a  If.  le  Docteur  Bradley.] 

a  Paris,  ce  22  Aoust,  1748. 

Monsieur, 

J'AI  £te  tres-sensible  a  l'honneur  que  vous  m'aves  fait  de  m'envoyer  votre 
lettre  sur  la  nutation  de  l'axe  de  la  terre.  C'etoit  la  piece  que  j'attendois  de 
vous  avec  le  plus  d'impatience ;  depuis  que  le  bruit  de  cette  decouverte  s'^toit 
repandu,  c'est-a-dire  depuis  pres  de  dix  ans,  jYtois  las  de  voir  plusieurs  de 
nos  astronomes  se  disputer  la  gloire  d'avoir  decouvert  des  variations  dans  les 
t-toiles,  dans  la  hauteur  du  pole,  daus  l'obliquite  de  l'ecliptique,  pour  pouvoir 
se  vanter  de  n'avoir  pas  ete  prevenus :  ce  n'etoit  que  de  vous  dont  on  devoit 
tenir  la  verite  du  fait  et  les  regies  de  ces  mouvemens :  aussi  des  que  j'eus 
receu  votre  lettre  addressee  a  My  lord  Macclesfield,  j'en  fis  une  traduction, 
dont  je  lus  Fextrait  i  notre  academie,  qui  se  felicitc  de  vous  avoir  acquis 
pour  mi  de  ses  membres.  J'ai  depuis  v(  rifie*  tous  vos  calculs  pour  m'y  accou- 
tumer,  j'ai  aussi  construit  des  tables,  taut  pour  les  differentes  etoiles  du  ciel, 
que  pour  le  soleil,  dont  les  tables  doivent  prendre  l'ancienne  forme  que 
Copernic  et  Lausl)erge  leur  avoient  donnee,  a  cause  de  la  precession  inegale 
des  equinoxes  et  de  la  variation  de  l'obliquite  de  l'ecliptique.  Je  n'ai  pas 
encore  calcule  des  tables  pour  avoir  egard  a  l'effet  de  la  nutation  sur  les 
ascensions  droites ;  il  me  paroit  meme  par  quelques  essays  que  j'en  ai  fait, 
que  ce  calcul  n'est  pas  aise,  mais  je  n'y  ai  pas  encore  beaucoup  travaille. 

Comme  j'ai  beaucoup  observe  le  soleil  avec  des  instrumens  tres-cxactes,  je 
voudrois  en  construire  des  tables  pour  mon  usage  settlement ;  mais  je  sou- 
haiterois  w-avoir  ce  qu'on  pense  en  Angleterre  de  l'equation  que  M.  Euler  a 
introduite  dans  les  tables  inserees  daus  ses  opuscules,  laquelle  depend  de  la 
distance  de  la  lune  au  soleil.  J'ai  fait  quelques  essays  pour  voir  si  mes 
observations  s'aecorderoient  a  cette  equation;  mais  faute  de  seavoir  les  regies 
de  la  nutation  que  je  n'avois  pas  alors,  j'ai  suspendu  la  suite  de  cette  re- 
cherche, qui  est  fort  delicate. 
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J'ai  pris  la  liberie  de  vous  ecrire  il  y  a  quatre  mois  par  la  voye  du  Signor 
Honorati,  avant  que  le  bruit  de  la  paix  se  fut  repandu.  Je  ne  scais  si  vous 
aves  receu  ma  lettre  avec  un  livre  qui  y  etoit  joint :  mais  soit  que  vous  l'ayes 
receue  ou  non,  je  n'ai  garde  de  vous  gener  a  l'egard  de  la  grace  que  je  vous  y 
demandois,  parceque  nous  pourrons  desormais  avoir  quelques  correspou- 
dances  en  Augleterre,  et  qu'il  ne  sera  pas  necessaire  de  vous  importuiier  sur 
les  details  des  decouvertes  qui  s'y  font  tous  les  jourw. 

Le  projet  de  souscription  pour  un  catalogue  d'etoiles  fixes,  sous  la  direction 
de  M.  Bevis,  m'a  fait  beaucoup  de  plaisir.  Quoique  je  travail  le  sur  cette 
matiSre,  je  serai  charme  de  voir  en  quoi  on  aura  perfectionne  ce  qui  nous  est 
deja  venu  d'Angleterre  sur  ce  sujet. 

J'ay  l'honneur  de  vous  faire  mille  remercimens  de  votre  souvenir.  Je 
serois  bien  flatte  de  vous  en  teraoigner  ma  reconnoissance  par  quelque  service, 
qui  put  vous  faire  plaisir,  n'y  ayant  personne  qui  soit  plus  parfaitement  que 
moi,  Monsieur, 

Votre  tres-humble  et  tres-ob^issant  serviteur, 

LACAILLE. 


de  Greenwich,  ce  24  d'Aoust.  v.  s.  1748. 

MONSEIGNEUR, 

PERMETTEZ-moy,  s'il  vous  plait,  de  vous  temoigner  la  vive  reconnois- 
sance dont  je  me  sens  penetre,  a  Thonneur  de  votre  lettre,  et  a  la  marque 
eclatante  qu'elle  me  donne  de  la  grande  bonte  du  roy,  qui  a  bien  voulu  me 
nommer  pour  remplir  une  place,  dans  son  illustre  Academie  Royale  des 
Sciences.  Qu'il  me  soit  permis  en  tneme  temps,  Monseigneur,  de  vous  assurer 
de  mon  zele  pour  la  jiersonne  sacrec  de  sa  majeste  et  des  voeux  que  je  ne 
cesseriu  de  faire  contiuuellement  pour  sa  conservation. 

Accordez-moy  encore,  Monseigneur,  la  permission  de  faire  profession  du 
plus  profond  respect,  et  du  parfait  attachement,  avec  lesquels  j'ay  l'honneur 
d'etre,  Monseigneur, 

Votre  tres-humble  et  tres-obeissant  serviteur, 

J.  BRADLEY, 

de  1'Acad^mie  Royale  de  Sciences  et  Astronome  de  S.  M.  Britannique. 

A  Monseigneur  Monseigneur  le  Comte  de  Maurepas, 
ministre  et  secretaire  d'etat,  &c.  a  Paris. 
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[To  the  Rev.  Dr.  Bradley.] 

Friday,  Dec.  23,  17*a 

Dear  Sir, 

AS  I  am  afraid,  by  being  every  day  in  a  manner  tied  down  to  the  direction 
or  correcting  of  the  press  in  Mr.  Neale's  affair,  that  I  cannot  well  spare  a 
day  to  wait  on  you  before  the  holidays,  I  chose  to  send  you  the  foregoing* 
extracts  for  your  perusal  in  the  meantime,  and  propose  to  wait  on  you  next 
Wednesday,  unless  that  day  shall  be  inconvenient  to  you;  of  which  pray 
advise  me  by  Mr.  Oliver.  Before  this  offer  of  the  Abbe-  de  la  Caille,  it  was 
intended  only  to  print  the  British  Catalogue,  Hevelius's,  &c.  reduced  in  lon- 
gitude to  the  present  time,  in  which  case  the  Abbe's  Tables  would  be  an 
impertinent  addition;  but  as  they  are  done,  and  he  has  made  so  generous 
an  offer  of  them,  I  know  not  with  what  grace  to  refuse  them,  especially  con- 
sidering of  what  advantage  and  conveniency  they  would  be  to  astronomers, 
along  with  a  catalogue  of  well  determined  right  ascensions  and  declinations. 
If  therefore  you  would  be  pleased  to  permit,  that  those  which  you  have  so 
determined  (in  the  zodiac  at  least,  with  a  few  of  the  principal  extrazodiacals) 
might  be  printed  by  way  of  Appendix  to  the  Catalogue  of  Longitudes  and 
Latitudes,  it  would  add  infinite  value  to  Mr.  Neale's  undertaking ;  who 
would  readily  come  into  the  additional  expense,  without  reckoning  it  to  his 
subscribers,  and  make  you  the  most  grateful  acknowledgments  for  the 
favour.  But  in  case  you  should  have  any  thoughts  of  obliging  the  public 
with  a  catalogue  yourself,  his  request  ceases ;  and  he  must  content  himself 
with  furnishing  something  of  this  kind  hereafter,  from  my  Newington  ob- 
servations ;  which  at  present  I  have  no  time  to  reduce,  nor  is  it  fit  his  sub- 
scribers should  wait  the  time  it  would  require. 

I  wish  you,  sir,  a  happy  Christmas, 

and  am  your  most  obedient  servant, 

J.  BEVIS. 

[Extract  of  a  letter  from  M.  de  ITsle,  at  Paris.] 

 I  have  already  received  so  many  testimonies  of  Dr.  Bradley's 

esteem,  that  I  must  intreat  you  to  take  upon  you  some  of  the  commissions 
which  I  ventured  to  trouble  him  with  in  my  last  letters,  which,  as  I  have 
received  no  answer,  I  fear  have  incommoded  him  too  much;  and  for  this 

*  In  printing  it  was  thought  better  to  prefix  the  letter  to  the  extract*. 
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reason  I  would  not  oppress  him  with  any  more  letters  at  present.  However 
this  be,  I  should  neglect  nothing  that  might  be  for  his  service  here,  of  which 
you  may  please  to  assure  him ;  as  likewise  of  the  most  perfect  consideration 
I  have,  and  ought  to  have,  for  so  great  a  man.  Pray,  sir,  pay  him  a  visit  on 
my  account,  and  learn  of  him  what  answer  he  would  be  pleased  I  should 
have  to  the  particulars  I  wrote  to  him  about.  Mr.  Grischow  tells  me, 
Dr.  Bradley  was  desirous  a  parcel  of  his  letter  to  lord  Macclesfield,  about  a 
new  motion  of  the  fixed  stars,  printed  in  English* ;  but  the  person  intrusted 
therewith  has  so  executed  his  commission,  as  to  give  them  into  some  other 
hand,  two  or  three  of  which  have  fallen  to  the  share  of  some  of  my  friends, 
but  I  never  had  one :  however,  M.  l'Abbe  de  la  Caille,  who  understands 
English  very  well,  having  borrowed  M.  Cassini's  copy,  has  made  an  extract 
thereof,  which  he  communicated  to  the  Academy,  and  I  have  gotten  it  printed 
in  the  Memoires  de  Trevoux. 

[Extract  of  a  letter  from  M.  l'Abbd  de  la  Caille,  at  Paris.] 

 It  much  surprised  me  to  learn  from  M.  de  l'lsle,  that  you  have  made 

me  a  present  of  the  Uranographia :  I  am  at  a  loss  to  think  how  I  could  de- 
serve so  honourable  a  mark  of  your  esteem.  As  it  is  not  positively  said  in  the 
proposals  that  there  are  to  be  any  Tables  for  easily  taking  out  Dr.  Bradley's 
two  motions,  I  presume  to  inform  you,  that  having  calculated  such  for  my 
own  use,  they  are  computed  from  formula:  far  more  simple  than  any  I  have 
seen  yet  published.  But  the  main  advantage  of  them  for  use  consists  in 
their  titles,  whereby  all  the  perplexity  of  the  signs  +  and  —  is  avoided.  'Tis 
likely  that  a  more  skilful  astronomer  would  have  executed  the  desigu  better ; 
be  that  as  it  will,  I  absolutely  give  them  up  to  you  and  Dr.  Bradley,  with  a 
discretional  liberty  to  print  them  all,  or  in  part,  or  to  suppress  them  entirely. 
To  avoid  loss  of  time,  I  have  put  the  precepts  only  into  Latin ;  the  titles, 
which  were  in  French,  may  be  easily  made  Latin  or  English. 

Permit  me  to  subjoin  a  few  reflections  on  these  Tables,  which  may  the 
better  enable  you  or  Dr.  Bradley  to  make  what  alterations  in  them  you  shall 
think  proper. 

1°.  The  term  Deviation,  which  you  mention  in  your  letter  to  M.  de  l'lsle, 
seems  propercr  for  denoting  the  effect  of  the  nutation  of  the  earth's  axis;  there- 
fore I  have  used  it  in  the  precepts,  and  it  should  be  introduced  in  the  titles 
of  Tables  XI.  XII.  XIII.  and  XIV. 

•  So  in  the  MS. 
S  N 
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2".  In  Tables  XV.  XVII.  and  XIX.  I  have  put  the  greatest  aberrations  in 
natural  numbers,  instead  of  their  logarithms,  which  must  be  sought  in  the 
Tables ;  this  I  have  done  for  two  reasons  :  L  because  one  sees  better  what 
one  is  about.  2.  Because  'tis  troublesome  to  take  the  proportional  parts  of 
the  logarithms  of  such  small  numbers.  However,  if  these  reasons  seem  in- 
sufficient, I  can  send  you  these  three  Tables  in  logarithms,  for  in  such  they 
were  computed. 

8°.  In  Tab.  XVIII.  it  might  perhaps  be  better  every  where  to  subtract 
six  signs,  to  have  the  places  of  the  sun  when  the  aberration  makes  the  de- 
clinations of  the  northern  stars  the  least  of  all,  and  those  of  the  southern 
ones  the  greatest.  In  this  case,  what  is  said  in  precept  VII.  of  the  distance 
of  the  star  from  the  north  pole  of  the  equator,  must  be  cancelled,  and  in  the 
room  of  precept  XI.  should  be  inserted  that  which  is  in  note  III.  putting  it 
Si  declinatio  Stella?  sit  australis,  instead  of  Si  declinatio  Stella?  sit  borealis 
As  I  did  not  make  this  reflection  till  I  was  about  the  translation  of  precept 
XI.  I  have  made  no  alteration  in  Tab.  XVIII.  This  latter  choice  seems  to 
me  the  more  commodious,  and  more  agreeable  to  the  other  foregoing  com- 
putations. 

If  you  will  permit  me  to  say  a  word  or  two  about  my  present  occupations, 
you'll  please  to  understand  that  in  the  college  Mazarin  I  have  procured  a  very 
convenient  place  for  an  observatory ;  where  I  have  a  mural  arch  of  4  feet  ra- 
dius, and  140  degrees;  a  quadrant  of  8  feet  radius;  two  excellent  clocks;  a 
sextant  of  6  feet  radius ;  and  I  am  making  a  kind  of  sector,  with  which  I  shall 
be  able  to  measure  to  an  extreme  exactness,  and  with  the  utmost  facility,  the 
distance  of  any  two  stars  which  are  not  more  than  three  degrees  and  a  half 
asunder ;  its  radius  is  9  feet,  and  there  is  no  need  of  illuminating  the  wires  in 
the  focus.  I  employ  myself  chiefly  in  observing  the  fixed  stars.  Their  right 
ascensions  I  observe  by  corresponding  altitudes,  six  of  which,  at  least,  I  take 
on  the  east,  and  as  many  on  the  west :  I  compare  them  all  with  Procyon  or 
Lyra,  whose  corresponding  altitudes  I  likewise  take  every  time  I  observe.  I 
have  thus  determined,  with  a  surprising  accuracy,  about  200  stars ;  that  is 
to  say,  all  those  of  the  1st,  2d,  and  3d  magnitude.  This  winter  I  intend  to 
verify  the  principal  ones  of  them,  by  taking  their  meridian  altitudes  with 
my  sextant.  My  design  is  to  proceed  in  such  manner  that  there  shall  not  be 
in  the  heavens  a  space  of  more  than  three  degrees,  without  a  well  known 
fixed  star,  since  with  my  sector  I  shall  be  in  condition  to  determine  the  dis- 
tance of  any  star,  from  two  stars  already  determined,  and  I  shall  not  stand 
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in  need  of  a  catalogue  of  the  stars  of  all  magnitudes.  If  this  project  should 
not  succeed,  I  shall  have  the  advantage  of  the  right  ascensions  and  declina- 
tions of  the  principal  stars  to  all  requisite  exactness,  for  deducing  from  them 
the  right  ascensions  and  declinations  of  any  of  the  rest,  by  the  ordinary 
methods. 

As  I  never  fail  to  take  corresponding  altitudes  of  the  suti,  if  I  can,  I  have 
a  very  large  number  of  differences  of  right  ascension  between  Procyou,  Lyra, 
and  the  sun ;  and  I  shall  be  tempted  to  make  use  of  them  for  constructing 
solar  tables  for  my  own  use,  wherein  I  shall  employ  the  theory  of  the  nuta- 
tion, which  requires  an  equation  for  the  true  place  of  the  first  point  of  T. 
But  would  ask  your  opinion  and  Dr.  Bradley's,  if  I  should  employ  likewise 
the  equation  which  Mr.  Euler  gives  in  his  Lunar  Tables,  without  its  de- 
monstration or  analysis. 


[To  the  Rev.  Dr.  Bradley.] 

glK  Juue  20,  1749. 

I  HOPE  you  will  excuse  the  trouble  I  give  you,  as  the  deference  I  pay  to 
your  judgment  is  the  occasion  of  it.  I  had  sent  the  enclosed  paper  to 
Mr.  Morris  last  week,  desiring  him  to  shew  it  to  you ;  but  happening  to  see 
him  before  he  went  to  Greenwich,  he  told  me  you  thought  we  had  better 
say  nothing  of  Dr.  Halley's  oversight  in  using  the  apparent,  instead  of  the 
true  diameter  of  the  moon,  and  that  Mr.  Machin  was  of  the  same  opinion ; 
so  I  took  my  paper  back  again.  Upon  farther  consideration,  I  find  great 
objections  to  passing  it  over  in  silence.  For  first,  the  thing  is  no  secret  now, 
and  if  the  liook  comes  out  without  taking  any  notice  of  it,  many  people  will 
hear  there  is  something  wrong  without  knowing  what,  which  will  do  more 
hurt  to  the  reputation  of  the  book,  than  any  known  error  can.  But  what  I 
think  of  still  greater  consequence  is,  if  any  foreigner  should  discover  it,  the 
blame  will  not  only  fall  upon  Dr.  Hailey,  but  upon  the  English  astronomers 
in  general ;  for  if  one  of  his  reputation  could  make  such  a  mistake,  and  con- 
tinue in  it  so  many  years,  and  his  editors  take  no  notice  of  it,  a  foreigner 
may  be  apt  to  conclude  that  his  authority  had  misled  the  whole  nation.  Be- 
sides, as  it  must  be  discovered,  I  think  it  more  for  Dr.  Halley's  reputation 
that  it  should  be  mentioned  by  his  editors  than  not,  as  it  may  prevent  others 
from  mentioning  it  in  an  illnatured  manner.    I  think  we  should  give  true 
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precepts,  according  to  the  paper  you  favoured  Mr.  Morris  with ;  for  though 
following  Halley'8  steps  would  make  our  computation  agree  with  his  in  the 
particular  case  of  the  moon's  transit  over  the  meridian,  it  would  only  disguise 
the  error  there,  and  be  of  no  service  where  the  moon's  apparent  diameter 
ought  to  be  used,  as  in  occultations,  eclipses,  &c.  If  you  have  any  objections 
to  what  I  have  said  in  the  enclosed,  be  pleased  to  make  what  alterations  you 
think  proper,  and  I  shall  have  the  greatest  regard  to  them.  I  have  sent  the 
table  of  longitudes  and  latitudes  for  your  perusal ;  most  of  the  observations 
in  the  Transactions  are  very  unsatisfactory.  I  would  have  added  the  Land's 
Eud,  or  the  Lizard  Point,  but  want  materials.  I  have  not  omitted  the  odd 
seconds  of  longitude  or  latitude  of  such  places  as  are  taken  from  the  French 
tables,  (or  deduced  from  them,  as  Babylon,  Bagdad,)  that  I  might  not  seem 
to  endeavour  to  conceal  my  borrowing  from  them ;  the  places  to  which  the 
letter  C  is  prefixed  are  from  the  Connoissance  of  17*9,  which  differs  from 
the  preceding  ones,  and  from  Cassini ;  therefore  I  conclude  that  those  places 
are  determined  from  later  observations.    I  am,  sir, 

Your  obliged  humble  servant, 

MATT.  RAPER. 


[To  the  Rev.  Dr.  Bradley  ] 
SlR  June  30,  1749. 

I  THANK  you  for  the  correction  of  my  mistake  about  the  parallaxes, 
and  am  sorry  I  have  given  you  so  much  trouble.  When  I  had  the  pleasure 
of  seeing  you  last,  you  thought  it  would  be  proper  to  give  a  hint  in  the  pre- 
face of  the  usefulness  of  publishing  the  observations.  If  you  do  not  approve 
of  what  follows,  and  will  be  pleased  to  let  me  know  in  what  manner  you 
would  have  it  altered,  I  will  endeavour  to  make  it  to  your  mind. 

Catalogo  Britannico  ad  luna?  ascensiones  rectas  ex  fixarum  observatione 
indagandas  usus  est  noster,  in  quo  fixarum  quarundam  loci  minus  accurate 
determinati  inveniuntur;  et  si  observationum  ejus  editionem  sperare  licuit, 
fixas  illas  indicare  ut  inde  lima;  loci  ab  illis  derivati  corrigerentur,  opera; 
pretium  foret.  Utinam  auctor  dum  viveret  illas  edidisset;  magni  enim  interest 
ut  observationes  astronomies;  publici  juris  fiant,  quippe  qua;  nunquam,  ut 
tabula;,  tractu  temporis  exolescant,  sed  si  dUigenter  facta;  fuerint  et  bona  fide 
tradits  utilitatem  ex  antiquitate  ducunt.    Optandum  propterea  foret  ut 
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sumptibus  public  is  subinde  ederentur  observationes  ab  astronomo  regio  facta?; 

eo  magis  publici  interest  ut  ejus 
edantur  observationes,  eoque  minus  privati  boininis  facultatibus  sumptus  illi 
eonveniunt. 

I  suppose  it  will  be  proper  to  insert  the  corrections  Dr.  Halley  made  in 
the  numbers  of  Mercury  (Phil.  Trans.  N°  386.)  in  the  preface.  I  hope  your 
building  goes  on  to  your  mind,  this  is  fine  weather  for  it.  Be  pleased  to 
make  my  compliments  to  your  lady  and  nephew.    I  am,  sir, 

Your  obliged  humble  servant, 

MATT.  RAPER. 


[To  the  Earl  of  Macclesfield.] 

I  WAS  informed  at  Mr.  Basket's  that  the  tables  were  all  printed  off,  so 
that  those  alterations  could  not  be  made  which  your  lordship  proposed.  I 
have  sent  your  lordship  a  copy  of  the  general  tables  in  the  form  which  I  at 
present  judge  they  may  be  disposed.  If  it  be  proper  to  print  these  general 
tables  before  the  bill  is  read  the  first  time,  I  believe  your  lordship  will 
think  it  needless  to  add  any  thing  concerning  the  rules  or  manner  of  con- 
tinuing them  at  pleasure,  since  they  will  be  so  very  obvious  from  the  bare 
inspection  of  the  tables. 

I  have  put  table  B  two  ways ;  in  the  first  the  figures  at  the  top  of  the 
columns,  and  the  Sunday  letters  go  on  in  direct  order,  but  then  the  centuries 
increase  from  the  right  to  the  left.    The  other  is  just  the  reverse. 

I  have  not  time  to  examine  whether  I  am  mistaken  in  the  disposition  of 
the  numbers  or  letters,  but  am  unwilling  to  omit  the  opportunity  of  sending 
this,  as  your  lordship  could  not  otherwise  have  heard  from  me  till  near  the 
end  of  the  week,  and  as  your  lordship  may  perhaps  before  that  find  leisure 
to  try  whether  all  is  right  or  not. 

Time  will  not  permit  me  to  word  the  rules  properly,  that  are  for  finding 
the  Sunday  letter  and  the  order  of  the  golden  numbers  for  any  particular 
century;  your  lordship  will  consider  that  matter  more  at  leisure;  I  shall  like- 
wise when  I  get  to  Oxford. 
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[To  Dr.  Mortimer.] 
c.„  Greenwich,  Oct.  12,  1750. 

OIK, 

MR.  MORRIS  informed  me  on  Wednesday,  that  you  intended  soon  to 
write  to  M.  de  l'lsle,  and  could  at  the  same  time  send  any  letter,  &c.  to  him,  if 
I  transmitted  it  to  you.  I  have  enclosed  one  for  him,  but  not  knowing  his 
proper  address,  I  beg  you  will  please  to  supply  what  is  wanting  in  the 
direction.  I  have  sent  him  a  copy  of  about  200  observations  of  Jupiter's 
satellites,  that  were  formerly  made  at  Wansted,  &c.  and  which  you  wrote  to 
me  about  when  I  was  at  Oxford.  I  did  not  make  any  observation  on  the  4th 
satellite  of  Jupiter  in  December  last,  which  M.  de  l'lsle  wrote  for  in  his  let- 
ter Mr.  Morris  shewed  me. 

I  am,  sir, 

Your  most  obedient  servant, 

J.  B. 


[k  M.  de  l'lsle.] 

glR  Greenwich,  Oct.  12,  1750. 

DR.  MORTIMER  having  informed  me  that  you  are  preparing  to  publish 
a  collection  of  all  the  observations  you  can  procure  of  the  eclipses  of  Jupiter's 
satellites,  and  that  you  desired  I  would  communicate  to  you  those  which 
had  been  made  at  Wansted,  either  by  Mr.  Pound  or  myself,  I  have  enclosed 
a  copy  of  those  tbat  have  been  taken  there,  and  hope  they  will  not  arrive  too 
late  to  be  inserted  in  their  proper  place. 

The  time  in  which  all  our  observations  (except  the  first  seven)  are  regis- 
tered, being  mean  time,  it  may  be  proper  to  take  notice,  that  the  equation  of 
time  which  we  made  use  of  is  the  same  as  may  be  collected  from  Dr.  Hal- 
ley's  Tables. 

The  greatest  part  of  these  observations  were  made  with  the  15f.  refract- 
ing telescope ;  a  few  that  are  marked  with  an  asterisk  were  made  with  the 
Hugenian  glass  of  123f.  focus;  and  those  which  have  the  letter  R  annexed 
were  taken  with  a  very  good  5f.  reflecting  telescope  of  the  Newtonian  con- 
struction, which  was  made  by  the  late  Mr.  John  Hadley,  and  presented  by 
him  to  the  Royal  Society ;  of  which  some  account  has  formerly  been  given 
in  the  Philosophical  Transactions,  N°.  376  and  378. 
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Besides  the  observations  taken  at  Wansted,  I  have  added  some  that  were 
made  at  Oxford,  either  by  myself  or  my  worthy  colleague  Mr.  Bliss,  which 
are  denoted  by  the  letter  B.  Oxford  lies  5'  0"  in  time  westward;  and  Wan- 
sted 0'  8"  eastward  of  Greenwich. 

I  am,  sir,  with  great  respect, 

Your  most  obedient  humble  servant, 

J.  B. 

Observations  at  Wansted  170 
at  Oxford  SO 

in  all,  about  200 


[a  M.  1c  Docteur  Bradley.] 

Monsieur  *  Paris,  le  SI  Janvier,  1751. 

J'AY  recu  par  le  canal  de  M.  Mortimer  votre  lettre  de  Greenwich  du  12-23 
October  dernier,  avec  toutes  les  observations  des  satellites  de  Jupiter,  que 
vous  et  M.  Pound  avez  faites  a  Wansted,  auxquelles  vous  avez  bien  voulu 
ajouter  celles  d'Oxford  de  M.  Bliss.  On  ne  peut  etre  plus  reconnoissant  que 
je  le  suis  de  ce  beau  present,  done  je  tacherai  de  faire  le  meilleur  usage  qui 
me  sera  possible  pour  Futility  de  l'astronomie,  et  surtout  pour  votre  honneur 
et  celui  de  la  nation  Angloise,  qui  a  procure*  une  si  grande  quantite  de  bonnes 
observations.  Vous  avez  pu  voir  mon  sentiment  sur  les  tables  que  vous  avez 
publiees  des  satellites  de  Jupiter  avec  celles  de  M.  Halley,  a  scavoir  que  je 
ne  crois  pas  qu'il  y  ait  de  meilleurs  fondemens  pour  la  theorie  de  ces  satellites, 
en  restant  a  y  ajouter  que  ce  que  les  nouvelles  decouvertes  et  recherches 
feront  connoitre  dans  la  theorie  de  ces  satellites,  ce  qu'il  sera  toujours  aise*  de 
faire  lorsque  Ton  se  sera  assure  par  les  observations  des  inegalitez  du  mouve- 
ment  de  chaque  satellite.  Les  observations  que  vous  m'envoiez  finissent  au 
5  Nov.  1740.  Ces  observations  n'ont-elles  pas  ete  continuees,  et  ne  se  con- 
tinuent-elles  pas  encore  a  present,  soit  a  Londres  ou  a  Greenwich  ?  comme  il 
seroit  avantageux  que  cola  se  fit  pour  s'assurer  toujours  de  plus  en  plus  des 
inegalitez  de  leurs  mouvemens.  Comme  je  crois  que  vous  avez  des  aides 
dans  vos  observations,  il  seroit  a  souhaiter  que  l'on  n'en  obmit  en  Angleterre 
aucunes  de  celles  que  le  del  vous  permettra  de  faire.  Vous  m'obligerez  trez- 
fort  de  vouloir  bien  me  dire  ce  qui  en  est,  et  me  procurer  les  observations 
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d'Angleterre,  sur  ces  satellites,  posterieures  a  celles  que  vous  m'envoiez,  dans 
quelqu'endroit  et  par  qui  que  ce  soit  qu'elles  aient  et^  fakes. 

Monsieur  Mortimer  m'aiant  mande*  le  mois  d'Aoust  dernier  que  vous  etiez 
fort  occupe  k  ranger  et  mettre  en  ordre  les  nouveaux  instrumens  dont  votre 
Amiraute  avoit  fait  present  a  l'observatoire  de  Greenwich,  je  l'ai  prie  de  me 
dire  en  quoy  consistoient  ces  instrumens ;  et  il  iu'a  repondu,  qu'il  vous  en 
avoit  parle  en  vous  priant  de  m'eu  envoier  le  catalogue.  Je  me  joins  k  lui 
pour  cela ;  rien  ne  me  sera  plus  utile  dans  la  suite  de  la  correspondance  que 
je  vous  prie  d'avoir  avec  moy  au  sujet  des  observations  astronomiques,  que 
de  scavoir  les  instrumens  que  vous  avez. 

Lorsque  j'ay  annonce  a  M.  Mortimer  il  y  a  quelques  mois  le  voyage  de 
M.  de  la  Caille  au  Cap  de  Bonne  Esperance,  il  m'a  fait  reponse,  que  cette 
nouvelle  avoit  fait  beaucoup  de  plaisir  aux  astronomes  de  la  society.  Comme 
vous  en  etes  le  chef,  je  ne  doute  que  vous  n'y  preniez  plus  de  part  que  tout 
autre ;  ainsi  e'est  principalement  a  vous  que  doit  etre  envois  l'avertissement 
imprime  de  M.  de  la  Caille,  dans  lequel  il  marque  les  etoiles  qu'il  se  propose 
de  comparer  avec  la  lune,  Mars,  et  Venus,  pour  en  conclure  la  parallaxe  de 
la  lune  et  du  soleil  par  la  comparaison  que  Ton  fera  de  ses  observations  avec 
celles  d'Europe. 

Personne  n'est  en  Europe  fourni  de  meilleurs  et  plus  grands  instrumens 
pour  faire  ces  observations  que  vous  1  etes  a  Greenwich ;  et  comme  je  ne 
doute  pas  que  vous  n'aiez  ou  ne  puissiez  avoir  aisement  tous  les  aides  qui 
vous  seront  necessaires,  e'est  de  vous,  Monsieur,  que  Ton  attend  les  plus 
exactes  observations  que  Ton  fera  sur  ce  sujet  en  Europe.  Vous  aurez  ap- 
paremment  diflerens  instrumens,  avec  lesquels  vous  pourrez  determiner  avec 
la  mesme  precision  les  mesraes  differences  de  declinaison  de  la  lune  et  des 
etoiles  que  demande  M.  de  la  Caille :  il  seroit  avantageux  que  vous  prissiez 
par  le  moien  de  vos  aides  ces  differences  de  declinaisons  avec  tous  les  instru- 
mens qui  les  peuvent  donner  assez  exactement,  ce  qui  servira  a  confirmer  les 
differences  que  Ton  cherche. 

Outre  ces  differences  de  declinaisons,  il  seroit  fort  a  souhaiter  que  Ton 
voulut  bien  faire,  en  mesme  terns  dans  quelques  uns  des  plus  celebres  observa- 
toires  de  l'Europe,  les  observations  qui  peuvent  servir  a  determiner  exacte- 
ment la  parallaxe  horizontals  de  la  lune.  Vous  en  verrez  aisement  la  raison 
fondee  sur  ce  que  ces  parallaxes  doiveut  varier  suivant  les  differentes  figures 
que  Ton  donne  k  la  terre,  et  s'il  est  vray  qu'elle  soit  applatie  par  les  poles, 
comme  elle  l'est  effectivement,  il  en  doit  resulter  differentes  determinations  de 
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la  parallaxe  de  la  lune  pour  lea  differentes  latitudes;  surtout  lorsque  Ton 
comparera  ces  parallaxes  horizontales  deduites  des  parallaxes  en  ascension 
droite  avec  les  parallaxes  que  Ton  tirera  des  observations  de  M.  de  la  Caille, 
comparees  avec  celles  qui  se  feront  en  Europe. 

J'ay  parte  de  la  necessite  de  ces  differentes  sortes  d'ohservations  dans  uue 
lettre  circulaire  manuscrite,  que  j'ay  ecrite  aux  astronomes,  et  dont  j'ay  envoie 
une  copie  a  M.  Mortimer,  qu'il  vous  communiquera,  si  vous  en  avez 
besoin.  Je  me  suis  etendu  davantage  sur  ce  sujet  dans  les  lettres  imprimees, 
dont  je  vous  enverrai  un  exemplaire  par  la  premiere  occasion :  si  vous  ap- 
prouvez  mes  raisons,  j'espere  que  vous  voudrez  bien  nous  procurer  des 
observations  pour  la  parallaxe  horizontale  de  la  lune  par  les  parallaxes  bo- 
ra ires  dans  les  terns  et  les  circonstances  que  vous  trouverez  les  plus  avan- 
tageuses. 

Vous  verrez  dans  la  lettre  circulaire  manuscrite  que  j'envoie  a  M.  Mor- 
timer, que  je  recommande  aux  astronomes  les  observations  exactes  des  hau- 
teurs meridiennes  du  soleil,  et  celles  des  principales  ttoiles  fixes,  a  mesure 
qu'elles  approcheront  du  parallele  de  sea  bonis ;  c'est  une  observation  que 
M.  de  la  Caille  a  obmise  dans  son  avis  imprime,  et  dont  il  m'a  charge 
d  avertir  les  astronomes,  qui  sont  capables  d'observer  ces  differences  de  de- 
clinaison  a  une  ou  deux  secondes  prez. 

Je  vous  prie,  Monsieur,  de  vouloir  bien  continuer  a  m'honorer  de  votre 
correspondance  par  le  canal  de  M.  Mortimer,  et  d'etre  persuade  des  senti- 
mens  d'cstime  et  d'attachement,  avec  lesquels  j'ay  l'honneur  d'etre, 

Monsieur,  votre  trez-humble  et  trez-obeissant  serviteur. 

De  L'ISLE. 


[a  M.  le  Docteur  Bradley.] 

Monsieur,  k  8t  PeterebouIB»  <*  20  Juillet  J750. 

LE  P.  TAUBERT  ayant  represente  a  M.  le  President  que  vous  vous  ferez 
plaisir  d'etre  en  correspondance  avec  racademie,  il  m'a  charge,  Monsieur,  de 
vous  en  marquer  sa  satisfaction  par  l'envoy  du  premier  tome  de  nos  nouveaux 
commentaires,  avec  le  supplement  d'un  traite  de  M.  Euler,  qui  sera  certaine- 
ment  agreable  aux  savans  d'Angleterre,  qui  font  de  cette  matiere  leur  etude 
favorite.  J'ay  l'honneur  d'etre, 

Monsieur,  votre  tres-humble  et  tres-obeissant  serviteur, 

SCHUMACHER. 

3  o 


Digitized  by  Google 


466 


CORRESPONDENCE. 


[h  M.  le  Docteur  Bradley.] 

a  St.  Petersbourg,  ce  2  Avril  1751. 

Monsieur, 

L'ACADEMIE  Imperiale  des  Sciences  de  St.  Petersbourg  ayant  resolu 
de  inettre  l'observatoire  d'ici  dans  un  etat  qui  promet  les  plus  grands  avan- 
tages  pour  rastronomie,  a  trouve  neccssaire  de  prendre  la  resolution  de 
l'enrichir  d'un  quart  de  cercle  mural  propre  a  faire  avec  la  demiere  exactitude 
toutes  les  observations  qui  se  font  avec  cette  espece  d'iustruinent  astrono- 
mique.  Puur  cet  eflet  elle  a  juge"  a  propos  de  faire  faire  a  Londres  par  le  Sr.  Bird 
un  quart  de  cercle  mural  de  huit  pieds  Anglois  de  rayon,  semblable  a  celui 
que  j'ai  vu  a  Greenwich  dans  le  temps  que  javois  le  bonheur  de  profiter  de 
votre  agreable  conversation.  Or  ces  sortes  d'instrumens  ne  demandant  pas 
seulement  un  habile  ouvrier,  mais  encore  un  directeur  experimente  qui  dirige 
ce  grand  ouvrage,  1' Academic  Imperiale  m'a  charge  de  vous  supplier,  Mon- 
sieur, de  vouloir  bien  lui  accorder  le  service  <rinstruire  le  dit  meehanicien  sur 
tout  ce  qui  concerne  une  construction  exacte  de  cet  instrument,  et  d'avoir 
ensuite  la  bonte  de  l  examiner  selon  la  rigueur  d'observer  qui  vous  est 
propre. 

Quoique  je  n'aie  nullement  besoin,  Monsieur,  de  vous  dire  quelque  chose 
touchant  la  construction  et  l'exactitude  de  cet  instrument,  me  confiant  entitle- 
ment en  vos  propres  lumieres,  vous  me  permettrez  pourtant  de  vous  expliquer 
un  peu  la  fawn  la  plus  propre  dont  il  me  semble  qu'il  faudra  coustruire  cet 
instrument,  afin  que  le  Sr.  Bird  puisse  se  reglcr  la-dessus. 

1.  II  faudra  en  general  prendre  pour  modele  le  quart  de  cercle  mural  de 
votre  fameux  observatoirc,  et  surtout  celui  que  le  Sr.  Bird  a  fait  en  dernier 
lieu  pour  votre  usage,  vu  que  je  ne  doutc  nullement  que  vous  n'ayez  fait 
appliquer  quelque  chose  qui  tende  a  l'exactitude  et  a  la  commodite  d'ob- 

2.  II  faudra  le  faire  de  huit  pieds  de  rayon ;  la  lunette  qui  roulera  sur 
quatre  petites  roues  sur  le  limbe  du  mural,  et  sa  carcasse  garnie  d  un  double 
contrepoids  (comme  au  mural  de  My  lord  Macclesfield)  auront  environ  la 
merne  longueur. 

3.  La  carcasse  et  tout  1'instrument  peut  etre,  si  on  le  juge  a  propos,  de 
cuivre  fort,  surtout  le  limbe  de  1'instrument,  qui  doit  etre  d'une  epaisseur 
considerable. 

4.  Sur  le  limbe  il  y  aura  deux  divisions,  dont  1'une  divise  l'arc  de  90°  en 
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96  parties,  et  lautre  en  90.  Moyennant  la  division  de  Nonius  et  le  petit 
micrometre  applique  en  bas  de  l'alidade  (comme  au  quart  de  eercle  de  Green- 
wich) on  aura  les  secondes. 

5.  Le  limbe  doit  comprendre  environ  100  degres,  afin  qu'on  puisse  observer 
jusqu'a  5  degres,  ou  environ  au-dela  des  points  de  0  et  de  90°. 

6.  Pour  ce  qui  regarde  la  maniere  de  diviser  Tare  de  908  en  parties  egales, 
je  crois  qu'il  ne  sera  pas  mal  a  propos,  quand  on  a  determine"  une  fois  les 
points  de  0  et  de  90°,  de  diviser  tout  de  suite  Tare  total  de  90°  en  1080  par- 
ties egales,  en  essaynnt  par  plusieurs  reprises  jusqu'a  ce  qu'on  ait  attrape"  la 
juste  grandeur  de  la  ^  partie  de  Tare  total,  ou  d'un  intervalle  de  cinq 
minutes.  11  est  vrai  que  cette  maniere  de  diviser  est  un  j>eu  pehible  au 
mechanicien :  mais  il  n'est  pas  impossible  d'y  reussir,  vu  que  j'ai  fait  essayer 
cette  maniere  de  diviser  sur  un  quart  de  cercle  de  trois  pieds  de  rayon,  et  en 
ai  tin''  un  bon  succes.  Si  Ton  divise  soigneusement  un  quart  de  cercle  de 
cette  maniere-la,  (en  observant  neanmoins  les  autres  conditions,  dont  j'ai  park' 
dans  la  lettre  au  Sr.  Bird)  on  peut  au  moinH  etre  sur  que  Tare  de  90  est 
exactement  divise"  en  parties  egales,  e'est  ce  qui  n'est  pas  un  petit  article 
dans  l'astronomie  pratique.  II  faut  au  reste  bien  prendre  garde  de  ne  point 
frapper  les  points  dans  le  lirnbe,  comme  quelques  inerhaniciens  ont  accoutumt 
de  faire.  mais  de  les  y  porter  successivement,  en  faisant  promener  le  compas 
a  verge  du  point  de  0  au  point  de  90,  et  du  point  de  90  au  point  de  0,  jusqu'a 
ce  que  les  points  soicnt  suffisamment  marques. 

7.  Les  points  de  divisions  doivent  etre  aussi  fins  que  cela  se  pourra,  et 
tous  egalement  gros ;  et  pour  mieux  connoftre  les  points  de  division,  il  sera 
necessaire  d'appliquer  au  limbe  du  quart  de  cercle  deux  bonnes  loupes,  qui 
soient  toujours  perpendiculairement  mises  sur  chacune  de  ces  deux  divi- 
sions. Aux  jwints  sur  lesquels  tombent  les  fils  a  plomb  il  doit  y  avoir  egale- 
ment une  bonne  loupe. 

8.  Le  centre  du  quart  de  cercle  doit  etre  marque  sur  un  petit  clou  d'or, 
afin  que  la  rouille  ou  le  verd  de  gris  ne  s'y  mette  point. 

9.  II  faudra  appliquer  a  1'instrument  deux  fils  a  plomb,  de  fnron  qu'on  ne 
puisse  pas  seulement  le  placer  verticalement,  mais  encore  observer  les  varia- 
tions ou  deviations,  tant  laterales  que  verticales,  que  1'instrument  poiuToit 
Bouffrir  avec  le  temps. 

10.  Le  limbe  de  l'instnunent,  dont  le  plan  exige  un  soin  tout  particulier  du 
mechanicien,  doit  etre  couvert  d'une  espoce  d'ttui  de  differentes  pieces,  qu'on 
peut  oter  et  remettre  apr«5s  l'observation. 
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11.  Le  mechanicien  appliquera  a  1 'instrument  toutes  les  vis  et  machines 
qui  servent  a  dinger  commod^ment  le  mural  dans  le  plan  du  meridien,  et  a 
Vy  fixer  en  le  scellant  dans  un  mur.  II  ajoutera  de  meme  la  boete  et  tout  ce 
qui  est  necessaire  pour  transporter  rinstrument  sans  danger  a  St.  Peters- 
bourg. 

Au  reste,  Monsieur,  l'Academie  Imperiale  remet  le  reste  de  la  construction 
de  cet  instrument  a  vos  soins,  de  sorte  que  si  vous  trouviez  que  quelques-uns 
des  articles  precedents  furent  trop  difnciles  dans  la  pratique,  quoique  je  ne  le 
croie  pas,  vous  pourrez  les  changer  comme  vous  le  jugerez  il  propos.  Mais 
si  au  contraire  vous  trouviez  quelque  chose  a  y  ajouter,  l'Academie  vous  fait 
prier  de  meme  d'en  informer  le  Sr.  Bird. 

Mais  conune  l'Acfidemie  Imperiale  est  intentionnee  de  fa  ire  faire  ici  l'hyver 
prochain  les  observations  correspondantes  a  celles  que  M.  de  la  Caille  fera  au 
Cap  de  Bonne  Esperance,  elle  vous  fait  prier,  Monsieur,  de  disposer  le  Sr.  Bird 
afin  que  cet  instrument  puisse  arriver  ici  au  moins  avec  les  derniers  vaisseaux 
qui  partiront  cette  annee  de  Londres  pour  S*.  Petersbourg.  Pour  cet  effet,  et 
pour  etre  sur  de  son  fait  de  part  et  d'autre,  l'Academie  souhaite  que  le  Sr.  Bird 
fas.se  un  contrat,  moyennant  lequel  il  s'oblige  de  delivrer  le  dit  instrument 
dans  un  temps  determine,  pour  le  prix  et  sous  les  conditions  que  l'Acad£mie 
Imperiale  vous  fait  prier  de  conclure  en  son  nom  avec  le  Sr.  Bird,  en  ayant  la 
bome*  d'informer  l'Academie  le  plutot  que  votre  commodite  le  permettra. 
L'Academie  s'oblige  aussi  de  son  coti  de  payer  a  l'ordre  que  le  Sr.  Bird  indi- 
quera  la  somme  dont  vous  serez  convenu.  Mais  afin  que  l'ouvrage  ne  soit 
point  retard^  par  le  temps  qu'il  faut  pour  attendre  les  reponses,  vous  aurez 
la  bonte,  Monsieur,  de  faire  en  sorte  que  le  Sr.  Bird  commence  a  travailler  a 
cet  instrument  incessamment  apres  l'arrivee  de  cette  lettre. 

Au  reste,  Monsieur,  je  vous  supplie  d'etre  persuade  que  vous  ne  rendrez 
pas  seulement  par-la  un  service  a  l'Academie  Imperiale,  dont  elle  ne  manquera 
assurement  pas  de  vous  temoigner  sa  vive  reconnoissance,  mais  que  vous 
donnerez  encore  par-la  a  moi  en  particulier  un  excellent  inoyen  de  mettre  en 
pratique  le  zele  et  l'envie  que  j'ai  de  produire  des  fruits  dignes  de  la  place 
que  j'ai  l'honneur  d'occuper  depuis  quelques  mois.  Soyez  enfin  bien  assure, 
Monsieur,  je  vous  en  supplie,  que  je  n'oublierai  jamais  les  bontes  et  politesses 
que  j'ai  recues  de  votre  part,  mais  que  je  m'eftorcerai  au  contraire  de  vous 
convaincre  de  plus  en  plus  de  ma  parfaite  reconnoissance  dans  toutes  les 
occasions  qui  se  presenteront,  et  que  je  serai  toujours  extremement  charme 
de  recevoir  de  vos  agreables  nouvelles,  comme  une  marque  de  la  continuation 
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de  votre  chere  amitie\  que  je  vous  supplie  d'accorder  a  celui  qui  se  fait  un 
honneur  d'etre  veritablement  toute  sa  vie,  avec  toute  l'cstirae  et  consideration 
possibles,  Monsieur, 

Votre  tres-humble  and  tres-oWissant  serviteur, 
A.  N.  GRISCHOW. 

Quand  vous  aurez  la  bonte\  Monsieur,  de  m'honorer  d'une  reponse,  vous 
me  ferez  un  tres-grand  plaisir  de  me  marquer  si  le  micrometre  a  quatre  verres 
oculaires  a  reussi,  et  de  me  dire  quelque  chose  des  avantages  que  vous  croyez 
qu'ou  peut  tirer  de  cette  facon  de  micrometre. 


[To  the  Rev.  Dr.  Bradley.] 
HON.  SIM,  Greenwich,  April  9,  175*. 

•  *  *  •  • 

Mr.  Robertson  called  here  about  a  fortnight  since,  by  order  of  Mr.  Hodg- 
son, of  Christ  Hospital,  who  ordered  him  to  let  you  know  that  he  hath  in 
his  possession  an  original  picture  of  Tycho  Brahe,  which  Mr.  Flamsteed  left 
after  the  death  of  Mr.  Hodgson,  to  be  put  in  the  Picture  Gallery  at  Oxford. 
Mr.  Robertson  says,  that  if  a  proper  person  is  sent  to  Mr.  Hodgson  from 
Oxford,  that  Mr.  Hodgson  will  deliver  the  picture  to  him  in  his  lifetime,  and 
should  be  glad  to  have  it  sent  for  soon.  Mr.  Robertson  says,  that  Mr.  Hodg- 
son don't  expect  he  shall  be  able  to  live  long,  and  would  be  glad  to  see  the 
picture  removed  before  his  death. 

I  have  sent  the  differences  in  right  ascension  between  the  principal  stars 
that  have  been  observed  by  the  new  transit  instrument,  reduced  to  the  be- 
ginning of  the  year  1751.  I  have  sent  the  particulars  of  the  observations, 
and  under  each  difference,  the  mean  difference  by  the  number  of  observations 
against  it;  beginning  with  the  difference  l>etween  Aldebaran  and  Capella, 
then  Capella  and  Rigel,  and  so  on  to  a  Cygni,  and  then  between  a  Cygui  and 
Aldebaran;  and  I  make  the  sum  of  the  whole  differences  to  be  360°  C  21  ",1  .• 
I  have  not  examined  the  numters  yet,  but  took  what  care  I  could  in  adding 
them  up  to  have  the  mean  of  each  difference. 

•  Bradley  has  drawn  his  pen  through  21",1  and  written  4",8  in  the  place. 
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I  was  very  glad  to  hear  that  you  and  all  friends  were  well  at  Oxford,  as 
I  hope  you  continue,  sir ;  pray  make  my  duty  to  my  aunt,  &c.  and  kind  love 
and  compliments  to  Miss  Bradley,  and  all  other  friends. 

I  am,  sir, 

Your  most  dutiful  nephew, 

JOHN  BRADLEY. 

The  foreign  letter  I  have  just  received. 


[a  M.  le  Docteur  Bradley.] 

M  a  Paris,  le  15  Juillet  1752. 

Monsieur, 

VOUS  avez  etc"  un  des  premiers  et  des  principaux  a  qui  l'Acad&nie  des 
Sciences  de  Paris,  dont  vous  etes  membre,  a  souhaite"  de  recommander  les 
observations  corresiKmdantes  a  celles  que  M.  de  la  Caillc  est  alle"  faire  au 
Cap  de  Bonne  Esperance,  par  ordre  du  Roy,  pour  la  recherche  de  la  parallaxe 
de  la  lune  et  de  celle  du  soleil  par  le  moieu  de  celles  de  Mars  et  de  Venus. 
.Te  vous  ai  fait  tenir  pour  cet  effet  Tavertisscment  de  M.  de  la  Caille,  dans 
lequel  il  avoit  marque"  toutes  les  etoiles,  auxquellcs  il  s'etoit  propose  de  com- 
parer la  lune,  Mars  et  Venus ;  et  j'ay  appris  avec  plaisir  de  M.  Mortimer 
l'interet  que  la  Soei^te  Royale,  et  vous  en  particulier,  Monsieur,  avez  bien 
voulu  prendre  a  un  si  utile  projet.  Je  ne  doutc  pas  qu'il  ne  vous  ait  reussi 
a  faire  plusieurs  des  princii>ales  observations,  dont  votre  habilete  et  la  bonte* 
des  instnunens  que  vous  y  aurez  emploiez  nous  garantiront  l'exactitude. 
Comme  M.  de  la  Caille  a  fini  ses  observations,  et  que  nous  les  avons  recues, 
je  vous  prie  de  vouloir  bien  nous  envoier  celles  que  vous  avez  pu  faire  qui 
sont  indiquees  dans  son  avertissement.  J'ai  deja  rassemble  toutes  celles  de 
Suede,  de  France,  et  d'ltalie,  et  je  suis  occupe  a  les  comparer  avec  celles  de 
M.  de  la  Caille,  preinierement  pour  la  recherche  de  la  parallaxe  du  soleil,  et 
ensuite  i>our  celle  de  la  lune,  qui  tiendra  beaucoup  plus  de  terns.  S'il  vous 
est  trop  penible  de  m'envoier  toutes  ces  observations,  vous  pouvez  commencer 
par  m'envoier  celles  de  Mars  et  de  Venus,  et  ensuite  celles  de  la  lune. 

J'avois  recommande\  de  la  part  de  M.  de  la  Caille,  aux  astronomes  de  ne 
pas  obmettre  la  comparaison  des  hauteurs  meridiennes  du  soleil  et  des  prin- 
cipals etoiles  fixes  qui  auroient  passe"  le  plus  prez  de  son  parallele,  pour  en 
pouvoir  deduire  immediatement  la  parallaxe  du  soleil.    Je  ne  doute  pas  que 
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M.  de  la  Caille  n'ait  aussi  fait  plusieure  de  ces  observations  avec  toute 
l'exactitude  dont  il  est  capable,  et  que  peut  comporter  la  grandeur  des  instru- 
meus  qu'il  y  a  eniploiez ;  mais  nous  n'avons  point  encore  recu  ces  sortes 
d'observations.  II  les  a  apparemment  reservees  avec  celles  qui  lui  serviront  a 
etahlir  son  catalogue  des  etoiles  australes.  Nous  communiquerons  a  la  Soci&e" 
Royale  les  observations  de  M.  de  la  Caille,  avec  les  resultats  que  Ton  en  aura 
tirez.  Par  les  observations  de  deux  eclipses  de  lune,  et  plusieurs  observa- 
tions du  premier  satellite  de  Jupiter,  Ton  a  dtduit  la  longitude  du  Cap  de 
Bonne  Esperanee  d'une  heure  cinq  minutes  a  1'orient  de  Paris;  et  M.  de  la 
Caille  a  conclu  la  latitude  du  lieu  oil  il  observoit  de  88°  55'  12"  australe. 
Vous  n'avez  pas  oublie,  je  crois,  mon  address*,  qui  est  au  College  Royal, 
Place  de  Cambray :  vous  pouvez  m'y  addresser  directement  vos  lettres,  ou 
me  les  envoier  sous  le  couvert  de  M.  Mildtnay,  commissaire  nomine  par 
l'Angleterre  pour  le  reglement  des  limites,  &c.  Je  suis  avec  le  plus  parfait 
attachement  et  mie  consideration  infinie,  Monsieur, 

Votre  trez-bumble  et  trez-oWissant  serviteur, 
DE  L  ISLE. 


[h  M.  le  Docteur  Hradley] 

a  Paris,  le  15-26  Juillet  1752. 

M.  DE  CHABERT,  officier  de  la  marine  du  roy,  me  demande,  Monsieur, 
que  je  vous  prie  de  lui  commuuiquer  les  observations  de  la  lune  corrcspon- 
dantes  ii  celles  qu'il  vient  de  faire  a  Louisbourg  en  Anu'rique  pendant  les 
annees  1750  et  1751 :  je  lui  ai  deja  communique  celles  que  j'ai  faites;  mais 
je  n'ai  pas  toutes  celles  qu'il  desire.  En  void  la  liste  (M.  de  Chabert  s'est 
transport*;  au  Cap  de  Sable,  a  FIsle,  au  Detroit  de  Fronsac,  &c.) 

I.  Le  16  Novembre  1750  n.  st.  au  matin  j'ai  observe  les  passages  au  meri- 
dien  de  la  lune  et  de  ?  des  gemeaux.  Et  M.  de  Chabert  en  a  observe"  l'emer- 
sion  a  Louisbourg. 

II.  Le  8-19  Dec.  j'ai  eu  encore  le  passage  de  la  lune  au  meridien,  que  j'ai 
compare  aux  etoiles  q  et  d  du  Lion.  Et  M.  de  Chabert  a  mesure"  ce  jour-la 
les  distances  de  la  lune  au  soleil  avec  son  quart  de  cercle  de  2  pieds  de 
raion,  semblable  a  celui  qui  nous  a  servi  en  Lapponie. 

III.  Le  10  Janvier  je  n'ai  point  d'observation  correspondante  a  une  omil- 
tation  que  M.  de  Chabert  a  determinee  ce  jour-la,  ensorte  qu'il  ignore  Terreiir 
des  tables.   Le  P.  Pezenas,  jesuite,  de  Marseille,  nous  en  a  communique  une 
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qu'il  a  faite,  mais  elle  n'est  pas  exacte,  s'etant  servi  d'un  quart  de  cercle 
mural,  dont  les  erreurs  du  plan  ne  sont  peut-etre  connues  qu'a  Oh.  0'  10"  pres. 

IV.  J'ai  bien  observe  lcs  passages  de  la  lune  du  4  et  6  Avril ;  mais  n'en 
aiant  pas  du  5,  M.  de  Chabert  desireroit  en  avoir  une  observation  correspon- 
dante,  a  cause  qu'il  a  mesure  ce  jour-la  les  distances  du  bord  de  la  lune  a 
Procyon  et  a  de  l'Hydre. 

V.  Pareillement  je  n'ai  d'observations  que  le  5-16  et  8-19  Avril,  au  lieu 
que  le  6-17  au  matin  M.  de  Chabert  a  mesure  la  distance  des  bonis  de  la 
lune  et  du  soleil  et  auparavant  celle  de  la  lune  a  £  de  Capricorne. 

VI.  II  reste  une  observation  du  18  Juin,  au  quel  jour  j'ai  observe  les  pas- 
sages de  la  lune  et  d'Arcturus,  et  M.  de  Chabert  a  mesure  encore  cette  fois-la 
les  distances  de  la  lune  au  soleil. 

Je  suppose,  Monsieur,  que  vous  aves  eu  l'annee  passee  le  tome  de  l'acad. 
de  1746,  avec  un  double  exemplaire  du  1".  cahier  de  nos  observations  de  la 
lune  depuis  1733-1736,  que  j'avois  laisse'  a  M.  Short.  Cette  annee  je  vous  ai 
envois  par  un  de  nos  amateurs  de  Grandville  le  volume  de  l'acad.  de  1747, 
et  on  ne  tardera  pas  a  distribuer  1748 :  vous  pourres  m'addresser  quelque  An- 
glois,  s'il  s'en  trouve,  pour  vous  le  remettre  avec  rAhnanac,  ou  Connoissance 
des  Terns,  que  j'ai  deja. 

L'on  imprime  ici  lcs  observations  du  Cap  de  Bonne  Esperance,  mais  a 
vous  dire  le  vrai,  je  ne  vois  pas  de  quel  usage  cela  peut  etre  jusqu'a  ce  que 
l'autheur  ait  verifie'  ses  divisions,  ce  qu'il  a  dessein  d'executer  pendant  le  mois 
d'Octobre  prochain,  suivant  sa  derniere  lettre  addressee  a  l'academie.  Mon 
correspondant  If.  d'Apres  m'a  envoie"  aussi  de  l'lsle  de  France  une  occultation 
d'etoile  par  la  lune  qu'il  a  observee  le  13-24  Octobre  1751.  J'etois  justement 
de  retour  a  Paris  depuis  trois  jours,  et  j'ai  moimeme  observe'  ce  jour-la  le 
passage  de  la  lune  au  meridien  et  sa  hauteur.  Quand  on  aura  distribue'  le 
feuillet  volant  des  observations  du  Cap,  je  vous  1'enverrai  par  la  poste,  si 
vous  le  desire's.  J'ai  l'honneur  d'etre,  Monsieur,  avec  l'estime  et  le  respect 
que  je  vous  conserverai  toujours, 

Votre  tr£s-humble  et  tres-obe'issant  serviteur, 
LE  MONNIER. 

P.S.  Je  vous  prie  de  me  faire  s(,avoir  comment  et  par  quel  artifice  dans  le 
niveau  de  M.  Graham  on  s'assure  que  le  ills  d'argent  effleure  la  regie  hori- 
zontal de  cuivre,  et  jusqu'a  quel  point  (s'il  n'y  a  pas  quelque  artifice  que  je 
ne  connois  pas)  on  peut  s'assurer  que  le  fil  effleure  le  regie  horizontale. 
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[To  M.  la  Monnicr.] 

Sir, 

I  LATELY  had  the  pleasure  of  your  letter  relating  to  some  observations 
of  the  moon  made  at  Louisbourg  by  If.  de  Chabert,  and  I  have  examined 
my  journal  in  order  to  see  whether  we  had  made  any  here  that  would  cor- 
respond with  his,  but  am  sorry  to  find  that  clouds  prevented  us  from 
making  such  as  would  tally  with  his  more  properly  than  some  that  are 
inserted  below;  however,  as  these  are  nearest  to  the  times  you  specified, 
I  thought  it  might  not  be  improper  to  send  them,  though  some  of  them  were 
not  made  on  the  days  required.  Although  we  seldom  omit  to  observe  the 
moon's  passage  over  the  meridian  when  she  happens  to  be  visible,  yet  the 
variable  weather  of  this  climate  occasions  many  and  long  interruptions  in 
the  series  of  our  olwervations,  so  that  it  must  frequently  happen  (as  in  the 
present  case)  that  there  will  be  a  deficiency  of  corresponding  observations. 

I  suppose  the  day  to  begin  always  with  the  sun's  passage  over  the  meri- 
dian; but  my  clock  being  regulated  so  as  to  go  sidereal  time,  shews  the 
(horary)  right  ascension  of  the  midheaven  nearly;  and  the  real  error  of  it 
may  be  readily  and  exactly  determined  from  the  imssage  of  the  sun  or  stars 
over  the  meridian,  which  were  observed  (as  likewise  the  moon)  with  a  very 
good  transit  instrument  well  adjusted  to  the  meridian,  the  telescope  whereof 
is  8  feet  long.  I  have  sent  you  a  copy  of  the  observations  as  entered  in  my 
journal  while  they  were  making,  without  taking  any  notice  of  the  error  of 
the  clock ;  except  with  regard  to  what  it  gained  per  diem,  where  that  would 
not  appear  from  these  observations  themselves ;  this  being  all  that  you  will 
want  to  know  in  order  to  settle  the  moon's  right  asc.  and  the  true  time  of 
her  passage  over  the  meridian. 

The  apparent  zenith  distances  of  the  moon's  limb  were  taken  with  my 
large  mural  quadrant,  and  want  only  to  be  corrected  by  the  proper  refrac- 
tions ;  but  it  should  be  remarked,  that  I  find  the  true  latitude  of  this  ob- 
servatory 8"  or  10"  greater  than  what  Mr.  Flamsteed  supposed  it  to  be. 

Mr.  Short  informed  me  that  he  had  sent  you  an  apparatus  for  examining 
the  quantity  of  the  arch  of  a  mural  quadrant,  while  it  hangs  upon  the  wall, 
by  means  of  a  spirit  level,  after  the  model  of  one  contrived  by  Mr.  Graham 
for  my  use ;  but  I  perceive  by  what  you  write  in  your  postscript,  that  you 
meet  with  some  difficulty  with  regard  to  the  manner  of  using  it.  I  wish 
you  could  have  had  the  opportunity  while  you  were  in  England  of  seeing 
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the  whole  process  of  the  experiment,  and  the  manner  of  putting  together 
the  several  parts  of  the  apparatus ;  because  that  would  have  obviated  the 
present  doubt,  which  it  may  not  perhaps  be  easy  to  remove  by  a  bare  de- 
scription of  the  method  of  making  the  experiment,  which  was  done  by  myself 
in  the  following  manner. 

One  of  the  two  pins  that  support  the  quadrant  being  moveable,  I  first  of 
all  (by  the  help  of  a  plumbline)  brought  the  centre  to  lie  exactly  over  the 
beginning  of  the  divisions  on  the  limb,  or  the  zenith  point;  (my  divisions 
l>eing  numbered  from  thence;)  then  the  sliding  brass  plates  of  the  apparatus 
being  fastened  upon  pieces  of  wood  that  grasped  each  end  of  the  wall  on 
which  the  quadrant  was  hung,  I  stretched  a  fine  silver  wire  horizontally,  and 
letting  it  bear  upon  the  edges  of  the  sliding  pieces,  and  bringing  it  to  be  very 
near  to  the  centre  plate  and  the  limb  of  the  quadrant,  (but  not  suffering  it  actu- 
ally to  touch  either,)  then  by  raising  or  depressing  the  sliding  plates,  on  whose 
edges  the  wire  rested,  I  moved  it  till  it  appeared  to  bisect  the  centre  point  of 
the  quadrant,  and  the  point  of  90"  on  the  limb.  When  the  horizontal  wire 
is  thus  placed,  if  the  arc  of  the  quadrant  be  exactly  equal  to  90  degrees,  the 
wire  itself  must  lie  precisely  horizontal,  as  being  at  right  angles  with  the 
plumbline  that  passed  through  the  centre,  and  therefore  the  edges  of  the 
brass  plates  that  support  this  wire  must  also  lie  in  an  horizontal  plane. 
Now  whether  these  edges  do  really  lie  in  a  plane  exactly  parallel  to  the 
horizon  or  not,  may  be  found  by  means  of  the  level,  by  hanging  the  ends  of 
the  brass  pieces  (which  are  fastened  to  the  board  on  which  the  level  is  to  be 
placed)  upon  the  edges  of  the  sliding  plates,  as  near  as  may  be  to  the  wire 
that  bears  on  them,  for  if  the  bubble  of  the  level  stands  at  the  same  point 
when  the  board  is  turned  end  for  end,  the  edges  must  lie  exactly  in  an  hori- 
zontal plane ;  but  if  it  does  not  stand  at  the  same  point,  then  by  turning  the 
screw  of  the  level  till  the  bubble  returns  to  the  place  it  stood  at  before  the 
board  was  changed  end  for  end,  and  taking  notice  how  many  divisious  the 
index  of  the  screw  was  altered,  half  that  number  (reduced  to  minutes  and 
seconds  of  a  degree)  will  shew  how  much  the  arch  of  the  instrument  exceeds 
or  falls  short  of  90°.  N.  B.  The  planes  of  the  sliding  brass  plates  must  be 
placed  nearly  at  right  angles  to  the  plane  of  the  quadrant,  and  one  plate 
ought  to  be  about  as  far  to  the  south  of  the  centre  of  the  instrument,  as  the 
other  is  to  the  north  of  the  point  on  the  limb;  for  then  no  error  can  arise 
from  the  bending  of  the  wire  into  a  curve  by  its  own  weight.  Before  the 
wire  is  laid  to  bear  upon  the  brass  sliding-plates,  their  edges  must  be  brought 
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to  lie  truly  horizontal  by  help  of  the  small  level  that  is  made  for  that 
purpose. 

I  know  not  whether  I  have  guessed  rightly  with  respect  to  the  point  you 
wanted  to  have  explained,  or  whether  what  is  now  written  will  enable  you 
better  to  understand  the  manner  of  trying  this  experiment ;  but  if  I  have 
failed  in  either,  I  doubt  not  but  a  more  particular  examination  of  the  seve- 
ral parts  of  the  apparatus  will  help  you  to  discover  their  respective  uses; 
and  I  am  persuaded  (if  your  apparatus  be  properly  executed)  that  you  will  be 
well  pleased  to  fiud  that  this  method  will  enable  you  to  be  assured  of  the  true 
quantity  of  the  arc  of  any  quadrant,  to  as  great  a  degree  of  exactness  as  can 
be  desired.  For  in  the  year  1745,  when  I  examined  my  large  mural  quadrant, 
and  had  repeated  the  experiment  by  new  setting  the  plumbline,  new  adjust- 
ing the  plates  and  horizontal  wire,  and  turning  the  level  near  thirty  times, 
the  greatest  difference  that  I  found  between  the  extremes  of  the  several  trials 
did  not  amount  to  five  secouds ;  and  therefore  'tis  highly  probable,  that  the 
mean  of  all  the  results  would  not  err  a  single  second  from  the  truth. 

I  take  this  opportunity,  sir,  of  returning  you  my  thanks  for  the  two 
printed  copies  of  your  observations  of  the  moon,  &c.  made  between  1738- 
1786,  which  I  received  in  due  time;  but  I  know  not  where  the  tome  de 
l'Acad.  1746  is  left,  neither  have  I  been  able  to  learn  the  gentleman's  name 
who  had  promised  you  to  take  care  that  it  should  be  delivered  to  me.  The 
tome  de  l'Acad.  1747  I  have  lately  received,  the  person  who  had  taken  the 
charge  thereof  having  been  so  kind  as  to  bring  it  to  the  observatory.  But  as 
it  may  perhaps  be  less  trouble  to  yourself,  and  a  more  sure  method  of  con- 
veyance, I  have  desired  Mr.  Vaillant,  a  bookseller  in  London,  to  permit  that 
any  book,  &c.  which  you  or  any  other  gentleman  are  so  kind  as  to  transmit 
to  me,  might  be  packed  up  among  such  books  or  papers  as  are  sent  to  him  by 
either  of  his  correspondents; — Messrs.  Hipp.  Louis  Guerrin,  or  Ant.  Claude 
Briasson,  libraires,  rue  St.  Jaques,  a  Paris. 

I  am,  with  great  respect,  sir, 

Your  most  obedient  humble  servant, 

[J.  BRADLEY.] 

»•„  Annexed  to  this  letter  is  a  paper  containing  a  number  of  observations  of  the  moon 
between  Nov.  3,  1750,  and  Oct.  13,  1751,  some  of  which  M.  de  Chabert  has  made  use 
of  in  his  Voyage  dans  l'Amenque  Septentrionale.  The  right  ascensions  are  exactly  the 
same  as  may  be  found  in  the  first  volume  of  the  Greenwich  observations ;  and  the  zenith 
distances  are  reduced  according  to  the  directions  given  to  de  J'lsle  in  p.  477. 
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[To  M.  Grisehou.] 
glR  Greenwich,  July  22,  1752. 

MR.  BIRD  having  now  finished  the  mural  quadrant  for  the  observatory 
at  St,  Petersbourg,  I  have  (as  you  desired)  carefully  examined  the  several 
parts  thereof ;  and  they  appear  to  me  to  be  so  well  executed,  that  I  cannot 
doubt  but  that  this  instrument  will  give  you  great  satisfaction  when  it  is 
fixed  up  in  its  proper  place. 

As  the  bulk  and  weight  thereof  render  it  cumbersome,  and  upon  that 
account  unfit  to  lie  moved  oftener  than  is  absolutely  necessary ;  I  was  sur- 
prised to  hear  that  you  intended  to  hang  it  up  in  any  other  place  than  the 
observatory  at  St.  Petersbourg,  and  am  of  opinion  that  it  may  be  somewhat 
hazardous  to  attempt  it,  and  perhaps  you  likewise  will  think  so  when  you 
have  seen  the  whole  apparatus,  and  can  better  judge  of  the  damage  that 
some  parts  thereof  may  accidentally  suffer  by  such  an  undertaking.  It  were 
to  Ik?  wished  therefore  that  so  curious  an  instrument  might  not  be  exposed 
to  unnecessary  dangers,  but  lx?  carried  directly  to  the  observatory  which  it 
was  originally  designed  for. 

As  there  are  several  improvements  and  additions  made  to  this  instrument, 
which  were  not  in  those  that  you  had  the  opportunity  of  seeing  when  you 
were  in  England,  Mr.  Bird  intends  to  send  an  account  after  what  manner 
the  several  parts  of  the  apparatus  are  to  be  put  together,  and  will  make 
.such  remarks  as  may  enable  you  to  distinguish  their  several  connections ;  it 
may  therefore  lw  proper  first  carefully  to  inspect  the  whole,  and  attend  well 
to  those  directions,  in  order  to  judge  rightly  of  the  use  of  each  part,  before 
you  begiu  to  put  them  together. 

Permit  me,  sir,  on  this  occasion,  to  conclude  with  my  congratulations  on 
your  accession  to  the  honourable  station  which  you  so  worthily  fill,  and  to 
assure  you  of  my  sincere  wishes  for  the  prosperity  of  the  learned  and  illus- 
trious members  of  the  Imperial  Academy  of  St.  Petersbourg,  and  success  to  the 
laudable  attempts  they  are  daily  making  to  promote  the  various  arts  and 
sciences  that  tend  to  the  benefit  of  mankind. 

I  am,  sir,  with  great  respect  and  esteem, 

Your  most  obedient  humble  servant, 

[J.  BRADLEY.] 
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[a  M.  de  TIslc  j 

Greenwich,  Aug.  22,  1752.  o.s. 

Sik, 

I  HAD  not  the  honour  of  receiving  your  letter  of  July  15th  n.  s.  till  very 
lately ;  it  having  been  delivered  to  a  gentleman  of  my  name  that  lives  with 
the  Sardinian  ambassador  in  London,  who  without  examining  the  super- 
scription, had  opened  it  before  he  perceived  the  mistake,  and  having  occa- 
sion to  go  into  the  country  for  some  days,  left  it  to  be  sent  to  ine;  but 
on  his  return  was  surprised  to  find  that  through  his  servant's  neglect,  the 
letter  had  been  detained  from  me  much  longer  than  it  needed  to  have  been. 
If  it  had  been  directed  for  me  at  Greenwich,  instead  of  London,  the  postman 
could  not  so  easily  have  made  the  mistake. 

I  now  send  you,  sir,  according  to  your  desire,  such  observations  as  the 
weather  would  permit  us  to  make,  about  the  times  specified  in  M.  de  la 
Caille's  advertisement. 

The  enclosed  is  a  copy  of  the  journals  wherein  we  enter  the  observations 
while  we  are  making  them.  I  have  not  corrected  the  apparent  zenith  dis- 
tances observed  by  the  quadrant,  but  you  may  readily  do  that,  if  it  be  neces- 
sary, by  subtracting  4"  for  the  error  of  the  line  of  collimation,  and  also  1"  for 
every  5°  42'  of  the  arch  of  the  instrument,  that  having  been  found  to  be 
about  16"  —  less  than  a  true  quadrant.  Thus  tin-  correct  apparent  zenith  dis- 
tance of  x  Aquarii,  Oct.  4th.  1751,  was  60°  31'  16". 

You  will  perceive  that  my  clocks  are  adjusted  so  as  to  go  sidereal  time, 
and  to  shew  nearly  the  horary  right  ascension  of  the  midheaven,  that  seem- 
ing to  me  the  most  convenient  method  when  the  transits  of  many  different 
fixed  stars  are  to  be  observed.  The  day  is  always  supposed  to  begin  with 
the  sun's  passage  over  the  meridian. 

The  transits  of  the  >  and  stars,  &c.  were  observed  sometimes  with  a  very 
good  transit  instrument,  (the  telescope  of  which  is  8  feet  long,)  and  at  other 
times  with  the  telescope  of  my  large  mural  quadrant,  whose  limb  is  brought  to 
lie  so  nearly  in  the  plane  of  the  meridian,  that  when  objects  do  not  differ  much 
in  declination,  the  observed  times  of  their  passage  will  give  the  true  differ- 
ence of  right  asc.  without  any  sensible  error:  but  the  transit  instrument  is 
exactly  adjusted  to  the  meridian,  and  gives  the  true  difference  of  right  asc. 
in  all  cases.  Two  clocks  were  made  use  of,  one  which  is  near  the  quadrant, 
and  the  other  in  the  room  wherein  the  transit  instrument  is  placed.  When 
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the  time  of  the  passage  is  observed  by  the  transit  instrument,  'tis  denoted  by 
the  letter  T,  and  when  by  the  quadrant  telescope,  'tis  denoted  by  Q. 

I  hope,  sir,  that  you  will  meet  with  few  material  mistakes  in  these  observa- 
tions ;  I  have  not  examined  that  point  myself,  but  if  any  should  occur  to  you, 
I  beg  you  will  be  pleased  to  favour  me  with  your  remarks ;  as  also  with  the 
result  of  your  comparison  of  them  with  M.  de  la  Caille's ;  a  copy  of  whose 
observations  I  shall  be  likewise  glad  to  see,  as  soon  as  you  have  leisure  and 
opportunity  to  transmit  them  to  me ;  because  we  may  perhaps  have  made 
others  which  will  tally  with  some  of  his  that  have  been  made  upon  other 
days,  l>esides  those  that  he  had  fixed  on  in  his  advertisement. 

I  am,  with  great  respect,  sir, 

Your  most  obedient  humble  servant. 

[J.  BRADLEY.] 

This  is  the  original  from  which  the  French  translation  was  made  that  is  inserted 
in  the  Men),  de  l"Ac.  Roy.  des  Sciences  1752.  p.  424.  One  little  oversight  occurs,  which, 
although  not  of  much  im|H>rtance,  may  be  worth  correcting.  The  direction  is  simply 
given  to  subtract  "  une  seconde  pour  chaque  arc  de  5"  42*  parce  que  cet  instrument  s'est 
"  trouve  de  16  secondes  plus  petit  que  90  degres."  It  escaped  the  notice  of  the  trans- 
lator, (rind  it  may  have  done  so  very  easily,)  that  by  "  16"— less  than  a  quadrant," 
Bradley  meant  to  describe  the  arc  as  "  less  than  a  quadrant"  by  a  quantity  which  was 
something  smaller  than  16";  15" ,8  would  exactly  answer  to  5'  42/  for  1",  and  it  appears 
from  the  old  quadrant  books,  that  between  die  18th  and  28lh  of  September,  1745,  he 
"  made  several  experiments  in  order  to  discover  the  true  quantity  of  the  arc  of  the  outer 
"  divisions  of  the  mural  quadrant,  as  it  hung  on  a  wall,  by  means  of  a  curious  level  ami 
"  apparatus  contrived  by  Mr.  George  Graham  for  that  purpose."'  The  trials  were  made 
in  the  manner  which  is  explained  in  Bradley's  letter  to  le  Monnier,  (p.  474):  he  repeated 
them  "  twenty-eight  times,  and  found  the  greatest  difference  to  be  17  ,8  and  the  least 
"  13"4  and  the  mean  of  all  15"$,"  by  which  the  arc  of  the  quadrant  was  less  than  90°. 

The  observations  sent  to  de  I'lsle  are  printed  in  the  Mem.  de  1'Ac.  p.  426 — 434,  and 
are  all  (with  the  exception  of  the  times  by  the  quadrant  clock)  in  the  first  vol.  of  the 
Greenwich  observations. 


la  M.  le  Docteur  Bradley.] 

Monsieur,  5  Paris' le  30  Novei"bre  1752. 

J  AY  recu  la  lettre  que  vous  m'avez  fait  1'honneur  de  m'ecrire  le  22  Aoust 
de  cette  annee  v.  st.  en  m'envoiant  les  observations  que  vous  avez  faites  a 
Greenwich,  correspondantes  a  celles  de  M.  de  la  Caille  au  Cap  de  Bonne 
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Esperance  pour  la  parallaxe  <le  la  lune,  de  Venus,  et  de  Mars.  Je  vous 
envoie,  comme  vous  l'avez  souhaite,  la  comparaison  que  j'en  ai  faite  avec  celles 
de  M.  de  la  Caille.  Je  n'ay  encore  compart-  que  celles  de  Mars,  et  quoy  qu'il 
s'en  trouve  un  assez  grande  nombre  faites  de  part  et  d'autre,  il  ne  s'en  est 
cependant  rencontre  que  six  qui  ont  ete  veritablcment  correspoudantes,  c'est  a 
dire  faites  a  la  mesine  etoile  et  dans  la  mesine  unit,  n'y  aiant  eu  entr'elles  que 
1'intervalle  du  terns,  pour  passer  du  meridien  du  Cap  ii  celui  de  Greenwich. 
Par  plusieurs  observations  de  M.  de  la  Caille  comparees  avec  celles  d'Europe, 
Ton  est  assure'  que  le  Cap  de  Bonne  Esperance  est  oriental  a  Greenwich  de 
lh.  14'  et  c'est  la  difference  de  longitude  que  j'ay  supposee  pour  rcduire  vos 
observations  a  celles  du  Cap. 

Conune  vous  u'avez  pas  rapporte  vos  premieres  observations  au  bord 
superieur  ou  boreal  de  Mars,  ainsi  que  M.  de  la  Caille  avoit  averti  qu'il  le 
feroit  de  son  c6te\  j'ay  £te"  oblige  de  supposer  le  diametre  apparent  de  Mars 
connii ;  et  dans  l'usage  de  vos  premieres  observations  je  1'ai  employe  tel,  ou  un 
peu  plus  petit,  que  vous  l'avez  trouve,  lorsque  vous  avez  commence  a  l'observer. 

La  premiere  observation  que  vous  avez  faite,  correspondante  ii  celle  de  M.  de 
la  Caille,  est  du  31  Aoust  1751,  au  matin,  auquel  jour  vous  avez  trouve  que  le 
centre  de  Mars  dans  le  meridien  etoit  de  11'  21"  austral  a  l'etoile  33  des  Pois- 
sons.  Si  Ton  en  Ota  13"  pour  le  demi-diametre  apparent  de  Mars  dans  ce  tems-la, 
il  en  resultera  11'  8"  pour  la  difference  de  dedinaison  du  bord  septentrional 
de  Mars  et  de  l'etoile  au  meridien  de  Greenwich ;  la  variation  diume  de  Mars 
en  dedinaison  etoit  dans  ce  tems-la  de  4'  47" ;  d'ou  Ton  la  conclud  pendant 
lh.  14'  de  14"  48"'  a  soustraire  de  la  distance  observed  a  Greenwich  pour  la 
reduire  a  ce  qu'elle  auroit  4\A  au  meridien  du  Cap ;  ainsi  par  votre  observa- 
tion le  bord  septentrional  de  Mars  auroit  ete  austral  a  l'etoile  de  10'  53"  12'". 
M.  de  la  Caille  a  trouve  cette  etoile  septent  riot)  ale  au  bord  boreal  de  Mars 
de  10'  18"  24"':  la  difference  est  done  34"  48"'  pour  la  somme  des  parallaxes 
de  hauteur  de  Mars  ce  jour-la  au  meridien  de  Greenwich  et  du  Cap. 

Voici  ce  qui  j'ay  trouve  pour  les  nitres  jours. 


Sept.  1 4,  matin,  a  Greenwich  Itigel  meridional  au  centre  de  Mars    7  50  30 

demi-diametre  de  3   13 

lligel  mi  rid.  au  bord  sept,  de  Mars  a  Greenwich   8  3  30 

Variat.  dium.  en  decl.  4'  8"  re  pond  pour  lh.  14'.   12  47 

lligcl  meridional  au  bord  sept,  de  3  par  I'observ.  de  Greenwich  rcduitc  au  Cap- 8  16  17 

La  mesme  distance  ohaervee  au  Cap    8  51  30 

Diff.  ou  la  somme  des  parall.  de  haut.  de  &   0  35  fij 
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Oct.  3,  soir.  a  Greenwich  le  tare!  sept,  tic  S  ctoit  austral  a  Pet.  X.  du  Verseau  de  4  42  30 

Variat.  diurn.  de<J  cn  declin.  0'  59''  rcpond  pour  lh.  14'  ~   3  2 

Lc  bortl  sept,  dc  i  aust.  a  Pet.  red.  au  mend,  du  Cap   4  45  32 

observee  au  Cap   ■■  4  9  54 

Somme  des  parallaxes  de  hauteur  de  S   0  35  38 

Oct.  4,  soir.  a  Greenwich  Pctoilc  X  ctoit  borealc  au  bord  sept,  de  Mars   3  26  0 

Variat.  diurn.  en  dec!.  1'  18"  rcpond  pour  lh.  14'    4  1 

I/eWile  bor.  au  b.  sept,  de  3  red.  au  merid.  du  Cap   3  80  1 

observee  au  Cap    2  58  12 

Somme  des  parallaxes  de  hauteur  de  <?    ■  0  31  49 

Oct.  7,  soir.  a  Greenwich  Pet  X  austr.  au  bord  sept,  dej   2  17  0 

Variat.  journ.  declin.  9!  10"  repond  pour  lh.  14'   0  6  42 

I/etoile  austral,  au  b.  sept,  de  <J  red.  au  Cap   2  10  18 

observee  au  Cap  .2  36  36 

Souime  des  parallaxes  de  hauteur  de  Mars   0  26  18 

Oct.  9,  soir.  a  Greenwich  let.  X.  aust.  au  b.  de  g    7  35  0 

Var.  journ.  de  declin.  it  49"  repond  a  lh.  14'    8  42 

LVt  X.  aust.  au  b.  bor.  de  S  red.  au  Cap  77  26~18 

observee  au  Cap   7  57  24 

Sotiime  des  parallaxes  de  hauteur  de  i   31  6 

Cette  somme  des  parallaxes,  que  je  viens  de  trouver  pour  cbaque  observation, 
est  l'ajigle  a  Mars,  forme  par  les  deux  raions  visuels  menez  des  deux  ob- 
servateurs  a  un  mesine  point  de  Mars ;  j'ay  ensuite  dt-duit  de  chacune  de  ces 
six  observations,  la  parallaxe  horizontal  de  Mars,  en  la  prenant  dans  le  mesme 
rapport  avec  le  sinus  total,  que  cet  angle  a  Mars,  est  a  la  somme  des  sinus 
des  distances  apparentes  de  Mars  au  zenith  de  chaque  observateur,  et  j'ay 
trouv£  la  parallaxe  horizontal**  de  Mars,  cotnme  vous  voyez  ici. 


1751,  AoustSl.  26  42 
Sept.  14.  27  10 
Octob.  3.  27  35 
4.  24  34 
7.  20  20 
9.  27  35 


Parallaxe  horizon, 
tale  de  Mars  pour 
rhaque  observa- 


0  27 
0  1 
2  34 

2  46 

3  20 
3  46 


Correctionsadditives  pour 
retluire  les  parallaxes  a 
ce  qu'elles  auroient  do 
etre  dans  1'  8  de  Mars 
au 


Cotnme  la  parallaxe  horizontale  de  Mars  varie  suivant  la  distance  de  Mars 
a  la  terre,  j'ay  calcule  par  les  Tables  de  M.  Halley  les  distances  reelles  de 
Mars  a  la  terre  pour  le  terns  de  vos  six  observations  rapjwrtees  cy-dessus,  et 
pour  le  tems  de  l'opposition  de  Mars  au  soleil ;  me  sen-ant  ensuite  du  rap- 


Digitized  by  Google 


CORRESPONDENCE. 


481 


port  de  ces  distances  j'ay  cherche  de  combien  la  ;>arallaxe  horizoDtale  de 
Mara  a  du  etre  plus  petite  dans  chacune  de  vos  observations  que  dans  le  terns 
de  l'opposition,  ce  sont  ces  quant  itez  qui  composent  la  petite  table  que  j'ay 
rapportee  cy-dessus  sous  le  titre  de  corrections,  ces  quantitez  ^tant  ajoutees 
a  la  parallaxe  deduite  simplement  de  chaque  observation,  ont  donne  la  paral- 
laxe  horizontale  telle  qu 'elle  auroit  <lu  etre  pour  chaque  observation  r^duite 
au  terns  de  l'opposition.  Les  calculs  etant  faits,  voici  ce  que  j'ai  trouve"  pour 
la  parallaxe  horizontale  de  S  au  terns  de  l'opposition : 

par  l'observation  du  31  Aoust     27  9 
14  Sept.       27  11 
8  Octobre  30  9  * 

4   27  20 

7   23  40  * 

9   27  39 

En  prenant  un  milieu,  ou  moien  arithmetique  entre  ces  six  determinations 
1  on  conclud  la  parallaxe  horizontale  de  Mare  dans  le  tems  de  l'opposition  de 
27"  11"';  mais  comme  il  y  a  deux  determinations  qui  s'eloignent  des  autres 
d'environ  3",  qui  sont  celles  du  3  et  7  Octobre,  Ton  pourroit  les  rejeter,  et 
alors  Ton  trouveroit  le  milieu  entre  les  quatre  autres  de  27"  20"',  d'oii  vous 
voyez,  Monsieur,  que,  soit  que  Ton  rejette  ces  deux  determinations,  ou  que 
I  on  les  emploie,  la  parallaxe  horizontale  de  Mars  dans  le  tems  de  l'opposition 
en  resulte  tout  prez  de  27"|,  et  suivant  le  rapport  de  la  distance  du  soleil  et 
de  Mara  a  la  terre  dans  ce  tems-la,  l'on  en  conclud  la  parallaxe  horizontale 
du  soleil  de  10" !,  environ. 

Voila  ce  que  j'ai  pu  conclure  jusqu'ici  de  vos  observations  de  Mars  pour  la 
parallaxe  du  soleil,  aiant  fait  les  mesmes  calculs  sur  mes  observations  et  celles 
des  autres  astronornes  que  j'ai  pu  rccuellir  jusqu'ici,  j'ay  trouve"  a  peu  prez  la 
mesme  parallaxe  du  soleil,  en  prenant  un  milieu  entre  toutes  les  observations 
de  chaque  astronome ;  mais  je  n'ay  pas  toujours  trouve  que  les  differentes 
observations  des  autres  astronornes  s'accordassent  aussi  bien  entr'elles  que  les 
v6tres;  c'est  pourquoi  j'ay  ele  un  peu  plus  incertain  pour  en  conclure  la 
veritable  parallaxe  du  soleil,  et  je  n'espere  de  la  pouvoir  determiner  plus 
precisement,  que  celle  que  j'ay  deduite  de  vos  observations,  qu'aprez  avoir 
verifie"  les  observations  de  tous  les  astronornes  les  unes  par  les  autres,  et 
rejete"  celles  qui  seront  manifestement  defectueuses,  aprez  1'examen  rigoureux 
que  je  me  propose  d'en  faire. 

3  Q 
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Je  n'ay  pas  encore  compare  vos  autre  observations  avec  celles  de  M.  de  la 
Caille,  c'est  ce  que  je  me  propose  de  faire  le  plutot  que  j'en  aurai  le  loisir. 
Je  vous  envoie  en  attendant  les  siennes  que  l'Academie  a  fait  imprimer  pour 
donner  aux  autres  astronoines  la  satisfaction  de  les  pouvoir  comparer  avec 
les  leurs  propres.* 

.Je  ne  doute  pas  que  vous  n'aiez  deja  pense,  Monsieur,  au  passage  de  Mer- 
cure  sur  le  soleil,  que  nous  at  tendons  de  6  May  de  l'annee  prochaine ;  j'en  ai 
fait  le  calcul  sur  les  Tables  de  M.  Halley,  rectifiees  non  seulement  aprez  les 
corrections  qu'il  y  a  fait  lui-mesme  ensuite  du  passage  de  172S;  mais  encore 
sur  le  passage  observe"  en  1740  a  Cambrige  dans  la  Nouvelle  Angleterre; 
ensorte  que  j'espere  etre  sur  a  peu  de  minutes  prcz  de  l'entree  et  de  la  sortie 
de  Mercure  du  disque  du  soleil. 

J*ay  calcule  que  l'entree  se  devoit  faire  a  2b.  44'  du  matin  a  Paris,  et  la 
sortie  a  10b.  37',  et  par  consequent  la  duree  de  ce  passage  de  7h.  5& ;  et 
qu'outre  cela  Mercure  devoit  passer  assez  prez  du  centre  du  soleil ;  ce  qui 
suffit  pour  avertir  les  astronoines  du  terns  auquel  ils  doivent  attendre  ce  pas- 
sage; au  lieu  que  ceux  qui  se  serviront  des  Tables  de  M.  Cassini,  sur  les- 
quelles  sont  calculees  nos  iphtmerides  et  celles  d'ltalie,  se  tromperoient  de 
quatre  heures  entiere,  dont  le  passage  doit  arriver  plutot  par  ces  tables  que 
par  celles  de  M.  Halley.  Cette  difference  m'a  parii  assez  graude  pour  meriter 
d'en  informer  les  astronomes ;  et  c'est  ce  que  je  vais  faire  par  un  avertisse- 
ment  incessament  public. 

En  attendant  j'ay  cru  devoir  en  avertir  aux  Indes  Orientales  pour  tacher 
d'avoir  des  observations  exactes  de  ce  passage  dans  les  endroits  oil  Ton  pourra 
en  voir  toute  la  durt'e.  La  fin  se  pourra  observer  dans  une  partie  de  1'Arn^- 
rique  Septeiitrionale  peu  aprez  le  lever  du  soleil,  et  l'observation  exacte  que 
Ton  en  pourroit  faire  pouvant  servir  a  determiner  la  parallax*  du  soleil,  si 
ces  observations  sont  comparees  a  celles  qui  se  fcront  dans  les  Indes  Orientales, 
c'est  ce  qui  m'oblige  de  vous  en  wrrire  pour  vous  prier  de  recoinmander  a 
tous  ceux  qui  seroient  en  etat  de  bien  faire  cette  observation  dans  vos  colonies 
Angloises,  de  vouloir  bien  s'y  preter,  et  d'y  etre  sollicitez  par  la  Societe 
Royale. 

J'ay  trouve  qu'a  Cambrige  prez  de  Boston  (ou  M.  Wintrop  a  deja  observe 
le  passage  de  1740)  Mercure  devoit  sortir  du  soleil  i  5b.  45'  du  matin;  ce 

*  The  beginning  of  this  letter,  as  far  as  the  end  of  this  sentence,  was  published  in  the  Mem. 
de  I' Ac.  Roy.  dt«i  Sciences,  1752.  p.  — 139;  and  a  translation  of  the  whole  is  printed  in  the 
Phil.  Trans,  vol.  XLVUI.  p.  5 12. 
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qui  est  51  mio.  aprez  le  lever  du  soleil.  Cette  inesme  sortie  doit  arriver  a  la 
Nouvelle  York  a  5h.  Stf,  ce  qui  est  34  min.  aprez  le  lever  du  soleil :  daus  les 
autres  lieux  du  voisinage  cette  sortie  se  fera  a  proportion  plus  ou  moiiis  prfcz 
du  lever  du  soleil,  comme  il  sera  aise  d'en  faire  le  calcul.  Mais  il  seroit  a 
souiiaiter  que  l'observation  s'en  fit  principalemeut  dans  des  lieux  dout  on 
connut  d'ailleurs  la  longitude  le  phis  precis&neut  qu'il  seroit  possible  par 
d'autres  observations ;  ce  qui  serviroit  a  mieux  determiner  la  jMirallaxe  du 
soleil,  par  la  coniparaison  de  ces  observations  avec  celles  qui  seroient  faites 
dans  les  Indes  Orientales.  L'on  a  deja  beaucoup  d'observations  pour  la  longi- 
tude a  Cambrige,  et  a  la  Nouvelle  York,  sans  les  nouvellea  que  sen  y  pour- 
roient  encore  faire ;  ainsi  ces  deux  lieux  seroient  les  plus  propres  pour  y  ob- 
server le  prochain  passage  de  Mercure  sur  le  soleil,  que  je  vous  prie  de 
vouloir  bien  recommander  a  la  Soci&e'  Royale,  afin  qu  elle  s'interesse  de  tout 
son  credit  a  nous  procurer  ces  observations, 

Je  suis  avec  une  trez-parfaite  estime,  Monsieur, 

Votre  trez-humble  et  trez-obeissant  serviteur, 

De  L  ISLE. 

I  received  this,  Jan.  13,  1753. 


[To  the  Rev.  Dr.  Bradley.] 

glB  Jan.  5.  1753. 

•  *  •  •  • 

I  am  very  sorry  to  hear  you  have  as  yet  met  with  so  little  satisfaction  in 
your  inquiry  into  the  laws  of  refraction.  I  hope  you  will  not  find  insuper- 
able difficulties,  though  I  must  own  I  have  some  fears  concerning  it,  especially 
any  thing  near  the  horizon,  where  the  vapours  from  the  earth  must  mix 

I  am,  sir,  your  most  obliged  humble  servant, 

J.  HOWE. 


[To  the  Rev.  Dr.  Bradley.] 
g1B^  Geneva,  June  2,  1753. 

THE  favourable  opinion  you  have  been  pleased  to  express  of  the  proposal 
which  I  had  taken  the  liberty  to  lay  before  you,  emboldens  me  to  address 
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you  once  more  for  your  sentiments  concerning  some  other  thoughts  in  optics 
that  have  occured  to  me  since  I  did  myself  the  honour  of  writing  you ; 
part  of  which  have  some  relation  to  your  own  discovery  of  the  aberration  of 
the  light  of  the  fixed  stars. 

I  do  not  find  that  it  has  been  determined  hitherto,  or  even  so  much  as 
inquired  into,  whether  the  original  velocity  with  which  rays  of  a  given 
colour  are  emitted,  be  the  same  in  whatever  medium  the  luminous  body  be 
placed.  And  yet,  I  think,  we  have  sufficient  data  from  the  received  doctrine 
of  refraction,  and  one  single  experiment  for  deciding  the  question  in  the 
negative,  viz.  that  it  is  emitted  with  greater  velocity  in  denser  mediums, 
and  that  in  exact  proportion  to  their  refractive  powers.  Rays  of  any  colour 
emitted  by  red-hot  iron  in  the  open  air,  or  under  an  exhausted  receiver,  are 
found  to  be  equally  refracted  by  the  prism  at  the  same  obliquity  placed  in 
the  air ;  hence  I  infer  that  they  have  the  same  velocity  at  the  time  of  their 
incidence  on  the  prism,  i.  e.  in  air ;  now  it  is  known  by  the  theory  of  re- 
fraction, that  the  velocity  of  light  in  the  exhausted  receiver  is  less  than  its 
velocity  after  passing  into  the  air  in  the  proportion  of  their  refractive 
powers.  In  that  same  proportion,  therefore,  are  the  velocities  with  which 
light  of  a  given  colour  is  emitted  by  the  same  body  in  the  void  and  in  the 
air.  Rays  from  the  sun,  and  a  candle  of  the  same  colour,  are  likewise  equally 
refracted  by  the  same  surface  of  glass  or  water ;  from  whence  I  gather  by 
the  like  reasoning,  that  the  velocity  with  which  the  solar  ray  is  emitted,  is 
to  that  with  which  the  candle  emits  its  ray,  as  the  density  of  the  solar 
atmosphere  contiguous  to  his  surface  is  to  the  density  of  our  lower  air; 
exactly  as  the  sine  of  refraction  would  be  to  the  sine  of  incidence,  if  a  ray 
pass  immediately  from  the  solar  atmosphere  into  the  air.  Thus  may  we 
reason  (I  think  certainly)  from  the  common  theory  of  refraction,  which  sup- 
poses the  velocity  of  light  in  different  mediums  to  be  different  according  to 
the  degree  of  their  attractive  force ;  but  though  the  principles  of  this  theory 
are  drawn  with  great  probability  from  the  phenomena,  several  difficulties 
aud  objections  that  still  remain  have  made  me  often  wish,  that  as  its  velocity 
in  the  celestial  spaces  has  lieen  ascertained  directly  by  the  eclipses  of  Jupi- 
ter's satellites,  some  method  could  be  found  of  determining  likewise  by  expe- 
riment its  velocity  in  some  denser  medium.  This  appears  at  first  sight 
impossible,  since  the  time  of  its  passage  through  the  greatest  quantity  of  air, 
water,  or  other  transparent  bodies  that  can  be  any  where  found,  is  many 
thousand  times  less  than  sensible.  But  I  am  much  mistaken  if  your  observa- 
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tions  of  the  aberration  of  light  will  not  furnish  us  the  very  method  sought 
after.  For  upon  considering  that  affair  with  all  the  attention  I  am  capable 
of,  it  appears  to  me,  that  it  is  not  the  proportion  of  the  velocity  of  light  in 
the  celestial  space,  or  in  the  air,  but  in  the  humours  of  the  eye  to  that  of 
the  earth  which  is  determined  by  your  observations.  In  the  same  manner  as 
you  have  shewn  that  a  telescope  is  not  directed  to  a  star  when  it  receives  the 
rays  along  its  axis,  but  obliquely  according  to  the  proportion  which  the  velo- 
city of  light  in  the  air  bears  to  the  earth's  transverse  velocity,  it  appears  that 
the  axis  of  the  eye,  when  we  look  at  the  star  directly,  (i.  e.  when  the  rays 
which  enter  the  centre  of  the  cornea  pass  along  that  axis  to  the  middle  of 
the  retina,)  is  directed  to  a  certain  distance  from  the  star's  true  place,  accord- 
ing to  the  proportion  which  the  velocity  of  light  in  the  humours  of  the  eye 
bears  to  the  velocity  of  the  earth.  Therefore,  if  the  velocity  of  light  in  the 
eye  be  to  its  velocity  in  the  heavens  in  a  somewhat  greater  proportion  than 
as  4  to  3,  as  follows  from  the  theory  of  refraction,  the  aberration  of  the 
light  of  the  fixed  stars  ought  to  be  less  than  that  which  corresponds  to  the 
equation  of  the  eclipses  of  Jupiter's  satellites,  in  the  same  proportion.  Con- 
sequently, if  it  be  found  by  repeated  observations  that  the  former  is  not  less 
than  the  latter,  sir  Isaac  Newton's  whole  doctrine  of  refraction  by  an  accele- 
rating or  retarding  power  must  be  given  up,  since  it  will  then  be  a  certain 
fact,  that  the  velocity  of  light  after  entering  a  denser  medium  is  not  greater 
than  its  velocity  before  incidence.  As  therefore  the  decision  of  so  curious  and 
important  a  question  in  physical  optics  seems  to  depend  upon  the  comparison 
of  the  observations,  ought  not  astronomers  to  apply  with  new  industry  to  fix 
precisely  the  quantity  of  the  equation  above-mentioned?  I  suppose  it  is 
impossible  to  determine  so  minute  an  affair  as  the  aberration  with  greater 
accuracy  than  you  have  already  done. 

That  trifling  contrivance  for  illustrating  the  physical  causes  of  the  celestial 
motions,  of  which  I  sent  you  the  description,  has  led  me  since  to  a  new 
method  of  adapting  the  pendulum  to  clocks,  which  I  flatter  myself  may  not 
be  entirely  useless  to  the  public.  In  seeking  after  the  means  of  perpetuating 
the  circular  motion  of  the  revolving  bodies,  I  found  that  clocks  may  be  regu- 
lated by  the  conical  motion  of  a  pendulum  as  well  as  the  vibratory,  and 
that  with  several  advantageous  circumstances,  such  as  that  the  motions  of 
the  indices  become  uniform  like  the  current  of  time ;  that  hence  we  may  dis- 
tinguish to  a  6th  or  8th  of  a  second ;  that  the  motions  of  the  whole  machine 
become  more  free  and  easy,  and  that  there  are  no  leaps  or  startings  from  tooth 
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to  tooth  as  in  the  ordinary  clock,  because  the  motion  of  the  pendulum  con- 
sents perfectly  with  that  of  the  wheel  work,  and  is  animated  by  it,  not  by 
alternate  strokes,  but  a  gentle  uninterrupted  pressure ;  and,  lastly,  that  the 
whole  motion  is  carried  on  almost  in  silence.  These  advantages  I  foresaw 
clearly  from  the  theory  of  the  thing;  yet  I  should  not  have  ventured  to 
affirm  so  much  about  it,  had  I  not  found  by  a  little  machine  I  have  caused 
to  be  made  in  this  place,  (which  goes  well  for  five  or  six  hours,)  that  the 
scheme  is  certainly  practicable,  and  will  not  fail  to  answer  expectation. 

If  you  think  a  short  description  of  this  new  pendtdum,  and  the  manner  of 
adapting  it  to  clocks,  will  be  acceptable  to  the  Royal  Society,  I  shall  send  it 
soon  to  a  friend  in  London  who  is  of  that  body. 

I  was  so  justly  diffident  of  the  contents  of  my  form[er]  letter,  that  as  soon 
as  I  thought  of  submitting  the  [above]  to  your  examination,  I  resolved  to 
lurk  under  a  [bor]rowed  name ;  but  after  my  being  so  lucky  as  to  [light]  on 
what  seemed  worthy  of  the  attention  of  Dr.  Bra[dley,]  I  am  bold  enough  to 
subscribe  myself  without  [dis]guise,  though  still  equally  unknown  to  you, 

Sir, 

Your  most  obedient  and  obliged  humble  servant, 

T.  MELVILL. 

[Ple]ase  direct  for  me 
[au]x  trois  Rois  Geneve. 

Two  considerations  that  may  help,  I  believe,  to  recommend  to  the  curious 
the  new  clock  I  propose  describing  are,  1°,  That  it  exhibits  a  specimen  of 
uniform  uninterrupted  motion,  which,  I  believe,  is  no  where  else  to  be  found 
in  terrestrial  bodies ;  3d0,  That  the  uniform  motion  of  the  pendulum  is  pre- 
served by  the  very  same  principles  as  that  of  a  planet  revolving  circularly ; 
viz.  by  the  equilibrium  of  its  gravity  and  centrifugal  force.  The  whole 
machinery  serving  only  to  remove  the  three  circumstances  which  usually 
prevent  the  perpetuity  of  terrestrial  motions;  namely,  the  resistance  of  the 
medium,  and  friction  of  surfaces,  and  their  gravity  towards  a  remote  centre. 
The  first  two  are  remedied  by  the  continual  pression  of  the  wheel  work 
animated  by  a  constant  weight,  and  the  last  by  the  suspension  of  the  pendu- 
lum on  a  fixed  point. 

I  cannot  but  observe  here,  that  if  my  reasoning  be  just  (which  I  humbly 
submit  to  your  examination)  and  the  ordinary  theory  of  refraction  true,  the 
aberration  of  the  fixed  stars  may  be  different  to  different  observers ;  viz.  if 
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the  density  of  their  ocular  humours  be  sensibly  different,  which  may,  for  any 
thing  I  know,  be  sometimes  the  case. 


(To  the  Rev.  Dr.  Bradley.] 

Parisiis,  Idibus  Decembris  1754. 

SI  quam  laudem  a  nostratibus  Gallis  meritum  est  opus  quod  ineunte  anno 
publici  juris  feceram,  vir  clarissime,  earn  totam  Anglis  me  debere  libenter 
profiteer.  Libri  titulus  erat,  Etat  du  Ciel  calcule  sur  les  tables  de  Mr.  Hal- 
ley,  &c.  pour  l'an  de  grace  1 754.  Viam  qua  procedendum  esset  in  hisce  cal- 
culis  pramonstraverat  altissimi  vir  ingenii  Ncwtonus.  Celeberrimi  Flam- 
stedius,  Stretius,  et  Halleius  ex  innumeris  propemodum  observationibus 
Newtoni  principia  redegerant  in  tabulas.  Desiderahantur  tamen  in  Galliis 
Ephemerides  ex  accuratissimis  illis  tabulis  descripta.  Serii  laboris  impa- 
tientes  deterrebat  scilicet  qua*  niuiia  videbatur  calculorum  prolixitas.  lis 
ineundis  me  uon  sum  arbitratus  imparem.  Sed  neque  spem  meain  exitus 
fefellit.  Mihi  pleue  satisfactuin  fuerat,  si  opens  unuin  et  alterum  exemplar 
ad  te,  vir  doctissime,  prout  in  votis  erat,  dirigere  licuisset.  Verum  incuria 
typography  hyemis  inclementia,  similibusque  de  causis  factum  est,  ut  ante 
veris  medium  hujusce  mei  voti  compos  esse  non  potuerim.  In  annum  igitur 
altenun  differendum  esse  duxi.  Neque  me  dilationis  ejus  pcenitet.  Prodit 
iterum  opus  suis  numeris  longe  inagis  absolutum.  Nihil  in  calculis,  nisi 
sununa  religione  limatum.  Ad  minuta  secunda  scrupulus  eorum  exigitur. 
Nullos  ouusi,  unde  currcnte  anno  1755,  possit  vera  luna?  sedes  detegi  facilius, 
unde  locorum  in  longituduie  discrepantia  possit  erui  certius.  Verum  totius 
operis  institutum  ex  ipso  opere  colliges  accuratius,  vir  clarissime.  Doctissi- 
mus  D.  du  Hamel  e  regia  scientiarum  academia,  simul  et  e  vestra  regia  socie- 
tate,  earn  in  sc  proviuciam  suscipere  dignatus  est,  ut  ad  te  duo  exemplaria 
libri  transmitteret.  Unam  a  te  gratiam  ausim  deposcere,  vir  meritissime. 
Mihi  pergratum  feceris,  si  clarissiiiiuni  virum  D.D.  Macclesfield,  regia;  socie- 
tatis  pra-sideni  induxeris,  ut  istorum  cxemplarium  altenun  dignetur  ab  hu- 
milliuio  servulo  suu  suscipere.  Ea  porro  dirigenda  esse  mihi  significavit 
D.  du  Hamel  ad  riarissimum  virum  (ni  mea  me  fallit  memoria)  D.  Miller  e 
regia  vestra  societate,  ima  cum  seminibus  qua-  ad  pradictum  virum  trans- 
mittit  qui  regium  hie  hortum  colit  et  adnunistrat.  Ceterum  quod  ita  sollici- 
tus  fuerim  qui  possent  ad  te  laboris  mei  fructus  pertingere.  ne  mireris,  vir 
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eruditissime.  Novi  opera  tiia  tuamque  scientiam.  Et  quis  in  toto  quant  us 
eat  orbe  litterario  Bradleium  non  audivit?  Desiit  Flamstedios  et  Halleios 
Europa  desiderare,  ex  quo  tc  regio  Grenovicensi  observatorio  prapositum 
cognovit.  Te  suum  vestra  regia  societas  lumen  fulgentissimum,  te  meritissi- 
mum  et  praestantissimum  academia  nostra  socium,  te  aetatia  hujus  astrono- 
morum  facile  principem  Urania  tota  suspicit  et  veneratur.  Quid  mirum  ita- 
que,  si  inihi  subierit  in  mentem  ei  me  meumque  laborem  commendare,  vel 
potius  ejus  humiliter  exposcere  consilia,  qui  possit  aut  operis  mei  si  quod  est 
meritum  a-quius  dijudicare,  aut  quid  ejus  perfectioni  conducere  possit  aperire 
benignius?  Tu  scilicet  attonito  mundo  luminis  ipsius  demonstrasti  viam. 
Facies  utique  ut  hujusce  tuae  lucis  radius  aliquis  ad  me  perveniat.  Vale,  vir 
omni  laudi  meae  superior,  meque  cum  omni  obsequio  et  veneratione  tibi  credas 
addict  issimum. 

Pingre\  Sanctae  Genovefae  in  Monte 
Canonicus  et  Bibliotbecarius. 


[To  Thomas  Barker,  Esq.] 

[1755.] 

I  HAD  the  favour  of  your  letter  of  December*  17th  past,  relating  to  the 
comet,  whose  return  is  expected  three  or  four  years  hence,  and  I  doubt  not 
but  the  easy  method  you  have  pointed  out  for  readily  finding  whereabouts 
it  may  appear  at  any  given  time  of  the  year,  will  induce  many  persons  to 
look  out  in  hopes  of  finding  it  as  soon  as  it  becomes  visible ;  by  which  means 
it  will  probably  be  discovered  much  sooner  than  if  we  were  not  apprised  of 
the  proper  parts  in  the  heavens  where  it  may  appear. 

The  inconvenience  arising  from  the  shortness  of  Dr.  Halley's  general  table 
of  the  Parabola,  is  what  every  one  must  sometimes  find  that  makes  much 
use  of  it ;  and  I  am  glad  to  hear  that  you  have  so  effectually  removed  it,  by 
constructing  one  that  is  so  much  longer,  and  which,  in  other  respects  like- 
wise, as  you  observe,  may  be  more  convenient  for  practice.  Such  general 
tables  being  wholly  designed  for  the  computations  in  which  they  are  to  be 
used,  the  fuller  they  are  the  more  effectually  they  answer  the  purpose  for 
which  they  are  framed ;  though  therefore  the  difference  of  5'  in  the  angle 
from  the  perihelion  may  seem  less  than  is  needful  in  some  parts ;  yet  a  little 
increase  of  the  length  of  the  table  need  not,  I  think,  be  an  objection  to  the 

*  See  Phil.  Trwu.  vol.  XLIX.  p.  347. 
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making  those  differences  run  uniform  throughout  the  whole  Table,  from  the 
beginning  to  the  end  of  it  Though  the  method  you  make  use  of  to  construct 
your  Table  may  perhaps  be  looked  upon  as  indirect ;  yet  the  facility  and 
accuracy  with  which  the  numbers  sought  can  be  determined  from  the  data, 
may  give  it  a  preference  with  any  one  that  should  attempt  to  construct  the 
Table  with  an  equal  degree  of  exactness  in  the  more  direct  way,  as  it  may  be 
thought,  of  finding  the  angle  from  the  given  mean  motion.  Dr.  Halley  has 
not  told  us  how  he  extracted  the  cubic  root  of  his  general  equation  for  that 
purpose,  and  I  have  not  seen  any  way  of  doing  it  that  would  not  be  more 
tedious  than  the  method  you  make  use  of ;  but  probably  there  may  be  a 
shorter  way  of  doing  it  than  what  I  have  sometimes  practised;  [it  is 
as  follows:  Let  t»  =  twice  the  given  mean  motion,  (supposing,  as  you  do, 
the  mean  motion  corresponding  to  90°  from  the  perihelion  to  be  expressed  by 
unity,)  then  find  A  =  ,J\  +  ;«2  and  take  A  i  m  />'  and  A  —  m  =  C  and  the 
log.  B  —  log.  C=  D ;]  viz.  of  finding  two  mean  proportionals  between  ^/l  +  n2 
+  *  and  y/T+lrf-n  where  n  denotes  twice  the  area  or  mean  motion  from 
the  perihelion,  (the  area  when  the  angle  from  the  perihelion  is  90°,  being, 
as  you  supposed  it,  =  1,)  the  difference  between  which  mean  proportionals  is 
the  tangent  of  £  angle  from  the  perihelion,  if  the  radius  is  1. 

As  it  cannot  be  any  great  addition  to  the  trouble  you  have  already 
had  in  computing  your  Table,  to  prepare  a  copy  of  it  for  the  press,  I  hope 
you  will  favour  the  public  with  it ;  as  every  means  of  facilitating  astronomi- 
cal computations  must  contribute,  in  the  end,  to  the  improvement  of 
science. 

With  this  view  I  have  taken  the  liberty  you  gave  me  of  communicating 
your  letter  to  my  lord  Macclesfield,  in  order  to  be  laid  before  the  Royal 
Society;  who,  I  am  persuaded,  will  be  pleased  with  any  further  remarks 
upon  this  subject,  from  a  correspondent  capable  of  imparting  to  them  what 
may  so  well  deserve  their  attention.  And,  as  it  may  be  proper,  before  the 
time  when  the  comet  is  expected,  and  thereby  assist  the  practical  astronomer, 
whose  labours  are  now  multiplied  in  such  a  manner,  that  he  needs  all  the 
assistance  that  can  be  given  him  towards  the  facilitating  his  numerous  calcu- 
lations. 

[J.  BRADLEY.] 
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Viro  insignia  doctrinae  et  pervagatss  orbem  gloriae  Jacobo  Bradley,  astronomo 
regio,  Londinensis  Societatis  decori ;  Jo.  Matthias  Gesnerus,  Academies 
Georgia?  Augusta;  S.  T.  Prof,  et  Societ.  Gotting.  Director  8. 

Gottingae,  prid.  kal.  Nov.  1755. 

NON  communi  modo  amore,  quo  devincti  inter  se  esse  debent  optimaruui 
artium  studiosi,  atque  admiratione  doctrinae  tuae  prope  singularis  impulsa 
universitas  Georgia  Augusta,  sed  tuis  etiam  in  se  excitata  mentis,  dulce  mihi 
ad  te  scribendi  mandatum  dedit  tibique  significandi,  tuum  nomen  sibi  non 
modo  tanquam  viri  doctissiini  ac  praedare  de  astronomica  praesertim  erudi- 
tione  et  naturali  doctrina  meriti  canun  esse,  sed  ob  illam  etiam  officiosam 
efficacemque  humanitatem  amabile,  quum  nulli  operas  tuae  pepercisti,  ut 
nancisceretur  specula  nostra  academica  praeclarum  instrumentum  locis  et 
motibus  codestibus  exacte  obeervandis  oppido  idoneum.  Scribetur  praecla- 
rum nomen  tuum  inter  amicos  optime  de  nobis  meritos,  et  hujus  ipsius 
epistolae  exemplum  in  tabulario  nostro  repositum,  et  tui  beneficii  et  grati 
animi  nostri  memoriam  servabit.  Bene  vale,  et  gloriae  tuae  optimis  artibus 
partae  diu  laetus  in  teres. 


[To  the  Rev.  Dr.  Bradley.] 

Reverend  Sir,  Rorae'  ^  3» 1755" 

I  THOUGHT  so  much  was  proper  to  be  said  by  way  of  preface,  in  case 
you  judged  the  papers*  worth  presenting  to  the  Royal  Society,  of  which  I 
have  the  honour  to  be  a  member ;  but  if  you  judge  otherwise,  you  are  master 
to  suppress  them,  as  also  to  reform  whatever  you  meet  with  therein  that  is 
erroneous.  I  shall  further  observe  in  this  note,  which  is  private  to  yourself, 
that  I  have  chosen  to  write  these  papers  in  Latin  rather  than  English,  as 
theories  of  this  nature  have  generally  been  delivered  in  that  language.  As 
I  should  be  glad  to  know  whether  they  be  worth  any  attention  or  not,  I 
must  desire  of  you  the  favour  to  let  me  know  what  is  your  opinion  of 
them.  The  liberty  I  have  taken  I  hope  will  not  be  offensive,  though  coming 
from  a  person  who  is  a  stranger  to  you.  I  have  lived  for  some  years  at 
Paris,  though  native  of  England,  and  left  that  city  about  a  year  ago  to  pass 
some  time  at  Rome.    As  it  is  a  little  uncertain  where  I  shall  be  at  the  time 


*  See  Phil.  Trans,  vol.  XLIX.  p.  700.  The  introductory  letter,  by  a  press  error,  is  there  dated 
1756,  instead  of  1/55. 
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you  write,  you'll  please  to  direct  your  letter  as  follows :  a  M.  Walmesley  vis 
a  vis  la  fontaine  des  Carmelites  rue  St.  Jacques,  a  Paris,  and  it  will  be  imme- 
diately forwarded  to  me.  I  am  glad  to  have  this  occasion  of  paying  due 
respect  to  your  distinguished  merit,  and  am,  with  the  highest  esteem,  reve- 
rend  sir, 

Your  most  obedient  humble  servant, 

C.  WALMESLEY. 


[To  the  Rev.  Dr.  Bradley.] 

Lyndon  near  Uppingham,  Rutland, 
Rev.  Sib,  Dec.  8, 1755. 

I  WAS  last  winter  much  obliged  to  you  for  so  friendly  answering  me,  a 
stranger,  about  my  construction  of  the  1682  comet  and  example  of  my  para- 
bolick  table,  which  you,  seeming  not  to  dislike,  proposed  my  publishing.  To 
save  others  the  pains  I  took,  I  had  indeed  some  thoughts  of  it,  but  thought 
it  imperfect  without  some  directions  and  examples  of  its  use.  I  thought, 
therefore,  to  begin  with  sir  Isaac  Newton's  method  to  find  a  comet's  orbit 
from  three  observations,  a  transcript  of  which  is  on  the  other  side ;  but  my 
uncle,  George  Whiston,  of  whom  I  first  learned  the  method,  not  having  then 
seen  how  others  reduced  that  problem  to  triangles,  might  not  always  hit  on 
the  nearest  way.  I  have  on  reexamination  altered  and  abridged  several  in  his 
list  of  triangles ;  and  being  desirous  to  make  it  as  correct  as  may  be,  thought 
it  necessary  to  lay  it  before  so  skilful  a  person  for  your  correction  and  hints 
of  any  thing  not  well  explained,  or  what  would  be  proper  further  to  be 
added,  and  shall  think  it  an  honour  to  have  your  assistance,  as  well  as  your 
due  publicly  to  own  it.  In  adding  a  list  of  all  the  known  comets'  orbits,  I 
thought  to  insert  the  sine  and  cosine  of  the  inclination,  because  constantly 
used,  and  instead  of  perih.  a  nodo,  to  put  perih.  post  nodum,  as  I  proposed 
in  my  former  letter ;  but  as  several  of  the  later  comets  have  been  calculated 
by  more  than  one  person,  I  hardly  know  which  of  their  orbits  to  insert, 
especially  as  I  know  not  where  to  find  the  observations  of  the  comets  of 
1706,  7,  29,  39,  and  some  since.  Having  next  given  my  parabolic  table  and 
method  of  computing  it,  I  thought  to  conclude  with  examples  of  its  several 
uses  and  the  way  to  calculate  a  comet's  place,  with  the  improvements  I  last 
year  proposed. 

3  k  2 
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A  sentence  is  here  omitted,  because  it  refers  to  a  long  illustration  of  his  method, 
which  Barker  annexed  to  the  end  of  the  letter.  This  it  was  not  necessary  to  print, 
because  the  substance  of  it,  with  additions  and  corrections,  U  already  published  in 
his  book  on  Con,      p.  6—12. 

I  beg  pardon,  sir,  for  troubling  you  with  this  long,  intricate  letter,  but 
having  no  friend  in  this  country  conversant  in  this  problem,  I  hoped  you 
my  intruding  on  you  ill,  and  am,  sir,  with  all  due  respect, 
Your  obliged  and  obedient  humble  servant, 

THOS.  BARKER. 


[To  the  Rev.  Dr.  Bradley  ] 

Ret.  Bo,  «• 17i6- 


Mr.  Mayer  sends  me  word  that  he  has  computed  all  the  observations  of 
Jupiter  that  he  could  meet  with,  and  when  he  has  computed  yours  he  will 
send  me  tables  for  Jupiter.  I  shall  go  on  with  computing  more  of  your 
lunar  observations,  but  have  taken  such  liberties  with  the  Tables  as  make 
the  error  of  22d  July  1754  only  +  O'  34";  but  have  yet  another  error  of 
1'  0"  +  and  one  0'  59"-,  which  are  the  two  greatest  that  I  yet  know  of.  As 
you  mentioned  writiug  to  Mr.  Bird,  I  have  not  called  there,  but  have  been 
told  that  one  of  the  instruments  is  almost  finished,  and  that  he  is  not  well. 
Pray  give  my  compliments  to  all  friends,  and  I  am,  dear  sir, 

Your  most  humble  servant, 

GAEL  MORRIS. 


[To  the  Rev.  Dr.  Bradley  ] 
glB  Rome,  June  29,  1756. 

LAST  December  I  took  the  liberty  to  write  to  you,  and  to  send  you  at 
the  same  time  a  couple  of  papers,  one  upon  the  precession  of  the  equinoxes 
and  the  nutation  of  the  axis  of  the  earth,  the  other  upon  some  irregulari- 
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ties  in  the  annual  motion  of  the  earth.  I  was  in  hopes  of  receiving  a  line 
from  you,  by  which  I  might  know  you  had  received  them,  and  also  what 
might  be  your  opinion  of  them,  but  as  nothing  is  yet  come  to  me  from  your 
hand,  it  makes  me  fear  they  have  been  some  way  or  other  mislaid ;  though 
the  person  I  employed  to  get  them  transmitted  to  you  informed  me  he  was 
pretty  sure  they  got  safe  to  your  hands.  I  propose  to  stay  some  time  longer 
at  Rome,  but  if  you'll  please  to  favour  me  with  an  answer,  you  may  direct  it 
as  follows :  a  M.  Walmesley  chez  M.  Walker  vis  a  vis  la  fontaine  des  Car- 
melites rue  S1.  Jacques,  a  Paris ;  which  by  this  means  will  securely  come  to 
me,  and  will  greatly  oblige,  hond.  sir, 

Your  very  obedient  humble  servant, 

C.  WALMESLEY. 


[To  the  Rev.  Dr.  Bradley.] 

Dear  Sib,  Es8ex'  SPithead'  Mareh  30« 1757" 

HAVING  been  ordered  by  the  lords  of  the  Admiralty  to  make  trial  of  your 
new  instrument  at  sea,  I  took  several  observations  therewith  in  sight  of 
Cape  Finistere,  which  I  have  sent  to  the  Admiralty  in  order  to  their  being 
laid  before  you,  and  hope  they  will  serve  to  shew  what  may  be  expected 
from  observations  made  at  sea,  though  they  were  not  taken  with  all  the 
advantages  that  might  have  attended  them,  bad  I  been  alone ;  for  I  was  all 
the  cruise  in  company  with  an  admiral  whose  motions  I  was  obliged  to  fol- 
low, which  prevented  me  from  laying  the  ship  in  the  most  advantageous 
position,  or  of  continuing  in  the  same  place  during  a  series  of  observations ; 
to  which  may  be  added,  my  want  of  practice  in  observing  with  such  a  long 
telescope,  &c.  &c. 

I  herewith  send  you  two  of  the  observations  worked  as  well  as  I  could  by 
the  precepts  Mr.  Morris  gave  me,  having  forgot  how  to  make  an  allowance 
you  told  me  would  be  necessary  when  the  moon  had  a  great  latitude.  And 
as  the  errors  are  both  the  same  way,  and  their  difference  not  a  third  part  of 
the  least  error,  I  hope  some  part  of  the  error  is  owing  to  the  want  of  that 
correction,  for  I  cannot  think  the  supposed  longitude  far  wide  of  the  truth. 
Indeed  I  was  in  hopes  of  settling  the  longitude  of  Cape  Finistere  to  a 
tolerable  degree  of  exactness  by  the  moon's  passage  over  Aldebaran  on  the 
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twenty-fifth  of  February,  being  then  in  sight  of  the  Cape,  and  having  taken 
several  altitudes  of  the  sun  in  the  afternoon,  to  find  the  watch's  error ;  but, 
to  my  great  mortification,  the  night  proved  so  cloudy  that  neither  moon  or 
stars  appeared.  During  all  the  observations,  the  new  instrument  remained 
adjusted  as  Mr.  Bird  sent  it  down,  viz.  the  telescope  index  at  360,  and  the 
other  at  315  degrees;  and  when  you  get  the  observations,  you'll  see  the 
numbers  given  by  the  instrument  put  down  with  red  ink  in  the  column  of 
altitudes,  as  a  check  on  what  is  put  down  in  the  column  of  distances ;  and  as 
I  believe  there  is  a  difference  in  the  dark  glasses,  I  have  marked  which  glass 
was  used  in  each  observation.  There  is  a  column  marked  Inst,  in  which  N. 
stands  for  new  instrument,  B.  and  J.  for  Bird's  and  Jackson's  quadrants ; 
the  height  of  the  eye  when  the  altitudes  were  taken  was  about  twenty-three 
feet-. 

If  I  can  obtain  leave  to  come  to  town,  I  shall  do  myself  the  pleasure  of 
paying  you  a  visit,  having  many  things  to  consult  you  about ;  but  in  case  I 
cannot  come  up,  if  you  will  be  pleased  to  let  me  know  of  any  thing  that  I 
have  omitted,  either  in  taking  or  working  the  observations,  you  will  confer 
an  additional  obligation  on,  dear  sir, 

Your  most  obliged  and  most  obedient  seri-ant, 

JOHN  CAMPBELL. 


[To  the  Rev.  Dr.  Bradley.] 

grR  Admiralty  Office,  1st  April,  1757- 

MY  lords  commissioners  of  the  Admiralty  having  directed  captain  Camp- 
bell, of  his  majesty's  ship  the  Essex,  to  make  trial  of  an  instrument  con- 
trived by  you  for  taking  observations  on  shipboard  for  finding  the  longitude 
at  sea,  I  am  commanded  to  send  you  the  observations  he  has  made,  and  to 
signify  their  lordships'  desire  that  you  will  take  the  trouble  of  examining 
and  reporting  to  them  your  opinion  thereupon,  with  which  you  will  please 
to  return  the  observations  to,  sir, 

Your  most  humble  servant, 

[Mem.  of  Bradley's]  J.  CLEVELAND. 

Returned  when  I  made  a  report; 
riz,  14  April,  1760. 
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[To  the  Rev.  Dr.  Bradley.] 

giR  Admiralty  Office,  27  April,  1757. 

HAVING  laid  before  ray  lords  commissioners  of  the  Admiralty  your  let- 
ter of  tin-  22d  instant,  proposing  to  employ  Mr.  Bird  in  making  another 
instrument  for  observing  on  shiplioard  the  distances  of  the  moon  from  the 
sun  or  stars,  and  that  you  apprehend  the  making  of  some  small  additions  to 
and  alterations  in  the  form  of  the  common  Hadley's  quadrant  may  render  it 
very  useful  for  that  purpose,  I  am  to  desire  you  to  employ  Mr.  Bird  in 
making  another  instrument  accordingly. 

I  am,  sir, 

Your  very  humble  servant, 

J.  MILNES,  D.S. 


[Probably  to  M.  de  la  Caille.] 

SlK, 

I  HAD  the  pleasure  of  receiving  your  kind  present  of  a  work  that  must 
prove  no  less  honourable  to  its  author,  than  beneficial  to  astronomy.  Such 
a  series  of  exact  observations  justly  entitle  you  to  the  united  thanks  of  all 
the  lovers  of  that  science,  and  though,  as  one  of  them,  I  sincerely  tender 
mine ;  yet  I  beg  leave  to  add  also  my  particular  acknowledgments  for  the 
honour  you  have  done  me  on  many  occasions. 

A  severe  illness,  which  afflicted  my  family  at  the  time  I  received  your 
first  letter,  prevented  me  so  long  from  attempting  to  send  (as  you  desired) 
the  observations  of  stars  proper  for  determining  the  refractions,  that  I 
judged  it  would  be  too  late  for  your  purpose ;  you  could  not  have  received 
them  before  your  work  was  printed  off;  but  since  I  perceive  you  are  still 
inclined  to  see  them,  as  soon  as  my  absence  from  hence,  and  other  avocations 
would  permit,  I  extracted  from  my  journals  the  enclosed  observations  of 
some  stars  south  of  the  equator,  as  you  desired:  (I  have  not  had  leisure 
to  examine  how  they  [agreed]  with  each  other,  or  to  deduce  the  refractions 
resulting  from  the  observed  z.  distances  compared  with  the  declinations  as 
settled  by  yourself ;  but)  I  apprehend  that  you  will  in  general  find  the  refrac- 
tions here  come  out  less  than  your  Table  gives  for  Paris.  For  I  have  found 
by  my  new  mural  quadrant  with  which  these  observations  were  made,  that 
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the  z.  distance  of  the  pole  here,  as  affected  by  the  mean  refraction,  is  38"  30' 
35",  and  the  z.  distance  of  the  equator  51"  27'  28",  which  gives  the  sum  of 
my  polar  and  equatorial  refractions  only  1'  57",  whereas  your  Table  makes 
that  sum  18"  more. 

My  observations  of  the  circumpolar  stars,  and  also  of  the  sun  near  the 
solstices,  (when  they  are  corrected  by  the  Table  of  refractions,  which  I  had 
framed  from  observations  of  several  stars  above  and  below  the  pole,)  give 
the  latitude  of  this  observatory  the  same  that  I  should  collect  by  assuming 
your  latitude,  .and  applying  thereto  the  difference  which  the  observations  of 
stars  near  our  zeniths  give.  Your  observations  of  $  and  y  Draconis,  com- 
pared with  mine,  give  the  difference  between  the  parallels  of  our  observa- 
tories 2°  37'  10"  or  11",  which  would  make  my  latitude  51°  28'  39"  or  40", 
(that  is,  9"  or  10"  greater  than  Mr.  Flamstead  supposed  it  to  be,)  but  just 
the  same  as  I  had  otherways  collected  it  to  be. 

As  we  both  proceed  upon  the  same  principle  in  order  to  discover  the  sum 
of  the  refractions,  (at  the  height  of  our  pole  and  equator,)  I  should  suspect 
the  difference  in  the  result  to  arise  from  some  defect  in  our  instruments, 
rather  than  from  a  real  difference  in  the  quantity  of  the  refraction,  since  the 
difference  of  one  second  in  five  or  six  degrees  between  the  arcs  of  instruments 
may  be  more  easily  admitted,  than  that  the  refractions  at  Paris  should  be  an 
eighth  part  greater  than  at  Greenwich. 

But  although  our  refractions  differ  so  much,  yet,  when  they  are  applied  to 
the  observations  made  by  our  respective  instruments,  the  result  will  be  nearly 
the  same;  so  that  our  declinations  of  the  stars  do  in  general  agree  very  well ; 
and  your  obliquity  of  the  ecliptic  exceeds  by  one  second  only,  what  I  had 
deduced  from  my  observations. 

But  notwithstanding  this,  it  were  to  be  wished  that  the  true  source  of  this 
apparent  difference  might  be  discovered ;  I  first  imagined  that  it  might  have 
been  accounted  for  by  a  bending  in  the  parts  of  your  instrument,  which 
it  may  be  subject  to  from  the  manner  of  its  suspension ;  but  as  the  telescope, 
in  that  case,  would  be  carried  along  with  the  centre,  it  did  not  appear  that 
any  error  would  arise  from  thence;  so  that  if  the  whole  arc  of  the  instru- 
ment be  of  its  due  length,  the  difficulty  would  not  be  removed  by  any  suppo- 
sition of  such  yielding  in  the  radii  of  it  If  I  had  not  already  examined  my 
new  mural  quadrant,  I  might  have  suspected  that  the  arc  thereof  was  too 
short,  as  I  had  formerly  found  that  of  my  old  instrument  was,  with  which 
the  observations  were  made  which  were  sent  to  M.  de  Lisle;  but  from  trial 
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of  this,  as  it  hung  on  both  sides  the  wall,  I  am  fully  satisfied  that  the  difference 
does  not  proceed  from  thence. 

#*#  As  there  is  no  address  to  this  letter,  it  may  be  proper  to  state  the  reasons  for 
snp|H«ing  that  it  was  written  to  Lacaille.  He  seems  to  be  the  person,  who,  in  examin- 
ing the  question  of  refraction,  would  be  most  likely  to  wish  for  observations  of  stars 
south  of  the  equator.  In  p.  214,  of  his  Fundamenta  Astronomic,  (4to.  Paris,  1757,) 
he  gives  a  Table,  in  which  the  polar  and  equatorial  refraction  for  the  latitude  of  Paris 
make  up  2'14",2,  which  are  nearly  18"  more  than  Bradley  says  that  he  found  for  the 
sum  of  these  quantities  at  Greenwich ;  what  is  said  in  the  beginning  of  the  letter  will 
also  answer  very  well  to  this  same  work,  and  the  editor  happens  to  have  a  copy  of  it,  on 
the  fly  leaf  of  which  is  inscribed,  "a  Monsieur  Bradley,  astronomc  de  S.  M.  Britannique 
"  par  son  tres-humble  serviteur,  Lacaille.'"    See  also  p.  501. 


Astronomo  ingeniosissimo  ac  celeberrimo  Jacobo  Bradley,  soc.  Lond.  et  Acad. 
Paris,  et  Bononiensis  socio,  Paullus  Frisius  Acad.  Petrop.  et  Bonon. 
socius,  et  in  Pisana  universitate  philosophic  professor,  8.P.D. 

Dabam  Pisis  10  kal.  Mar.  anni  1758. 

POST  cl.  Wahnesley  in  patriam  reditum  nihil  aliud  penes  ainicos,  quos  in 
Italia  reliquit  plurimos,  vulgatum  est,  nisi  ipsum  Londini  de  variationibus 
obliquitatis  ecliptics  et  de  nutatione  terrestris  axis,  quod  te  inventum  supra 
astronomos  a?tatis  nostra?  adeo  extulit,  plura  tecum  disseruisse.  Ubi  nunc 
temporis  commoretur,  et  quo  ad  eum  dandse  sint  litterae  ignotum  est,  fortasse 
ob  tcmponun  bellorumque  difficultatem.  Quare  cum  aliqua  haberera,  qua; 
summo  geometra;  et  amico  honestissimo  comtnunicarem,  epistolas  ad  te  diri- 
geudas  censui,  ut  eas  sigillo  occlusas  ad  eumdem  pervenire  faoeres.  Atque 
banc  quidem  libenti  animo  occasionem  captavi,  qua  observantiam  meam  erga 
te,  et  pra-sidem  amplissimum,  ct  cl.  Short,  ac  totam  societatem  regiain  aliquo 
modo  significarem.  Tu  me  maximo  beneficio  cumulares  si  in  arduis  hisce 
problematis  senteutiam  tuam  aperire  relies,  atque  insuper  indicare  utruin  in 
societatem  regiam  nunc  ternporis  cooptatus  sim.  Nam  cum  prsesidi  optimo 
testimonia  trium  sociorum  in  Italia  degentium  misissem,  atque  insuper  dis- 
sertationem  meam  de  motu  diurno  terra?,  qua;  a  regia  Berolinensi  scientiarum 
atque  humaniorum  literarum  academia  premium  retulerat,  nullum  ad  me 
hactenus  respoiisum  delatum  est.  Vale  et  te  toti  litteraria;  reipublica?  diutius 
»erva  incolmnem. 
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[To  the  Rev.  Dr.  Bradley.] 

Reverend  Sib,  Bath,  Oct.  21, 1 758. 

FROM  the  kind  reception  you  gave  me  when  I  waited  upon  you  last 
year  at  Greenwich,  and  the  regard  you  seemed  to  have  for  the  theory  I  had 
sent  you  sometime  before  on  the  precession  of  the  equinoxes,  &c.  I  have  been 
induced  to  address  to  you  the  paper*  here  enclosed,  presuming  this  liberty 
will  not  be  offensive,  as  you  are  the  best  judge  of  all  performances  relating 
to  astronomy.  I  have,  indeed,  been  hindered  of  late  by  bad  health  from 
attending  much  to  these  studies;  but  I  hope  that  what  is  here  offered,  though 
imperfect,  will  not  be  entirely  unacceptable.  If  you  please  to  favour  me  with 
a  line,  you  may  direct  to  me  at  the  Belltree  house  in  Bath. 

I  am,  reverend  sir, 

Your  very  obedient  humble  servant, 

C.  WALMESLEY. 


[To  the  Rev.  Dr.  Walmesley.] 
glR  Greenwich,  Dec.  1,  1758. 

SOME  time  ago  I  received  the  enclosed  papers,  in  a  letter  from  the  author, 
desiring  me  to  transmit  them  to  you.  But  not  being  able  to  learn  where  you 
then  resided,  I  was  unwilling  to  venture  to  send  them  as  directed  for  you  at 
Bath,  because  I  was  uncertain  whether  you  were  returned  from  the  north, 
whither  you  told  me  you  intended  to  go  soon  after  I  had  the  pleasure  of 
seeing  you  here.  I  hope  they  will  now  come  safe  to  your  hands,  as  your 
curious  dissertations  lately  did  to  mine ;  which  I  shall  lay  before  the  Royal 
Society,  being  highly  sensible  of  the  honour  you  do  me  by  transmitting  to 
the  public  through  my  hands  such  elegant  theories  on  subjects  so  well 
deserving  the  attention  of  all  lovers  of  astronomical  and  natural  knowledge. 

I  am,  sir, 
Your  most  obedient  humble  servant, 

J.  B. 


[To  the  Rev.  Dr.  Bradley.] 
Rev.  Sir,  Nov.  9,  1758. 

BEFORE  the  bishop  of  Clogher  died,  he  fell  under  the  censure  of  some 
•  See  Phil.  Trans,  vol.  L.  p.  809. 
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astronomers,  for  having  asserted  that  the  moon  kept  the  same  face  to  the 
earth,  without  turning  on  its  own  centre.  In  vindication  of  himself,  he  sent 
me  the  enclosed  letter  to  print,  if  I  thought  proper.  As  I  would  not  publish 
any  thing  now  under  his  name  which  should  be  thought  a  manifest  absurdity, 
and  as  I  am  not  a  proper  judge  how  far  what  he  has  here  advanced  is  so,  I 
would  humbly  beg  the  favour  of  you  to  let  me  know  if  you  think  it  barely 
plausible.  I  do  not  presume  to  ask  your  decision  on  the  question ;  but  only 
to  say  whether  what  he  hath  produced  hath  the  appearance  of  probability, 
which  is  the  chief  object  of  the  press,  and  in  general  the  utmost  attainment 
of  human  inquiries.  I  have  further  to  ask  pardon,  if  my  regard  to  his 
character  hath  made  me  exceed  my  own,  when  I  subscribe  myself,  reverend 
sir.  Your  most  humble  servant, 

W.  BOWYER. 

This  letter  is  taken  from  Nichols's  Literary  Anecdotes,  vol.  II.  p.  246;  he  ob- 
serves upon  it,  "  I  know  not  what  answer  was  returned  by  Dr.  Bradley,  or  whether 
"  his  advancing  infirmities  prevented  his  returning  any ;  the  bishop's  letter,  however, 
"  did  not  appear  in  print." 


[To  the  Rev.  Dr.  Bradley.] 

Dear  Sir,  March  6' 1759 

I  HAVE  computed  captain  Campbell's  observations  of  the  9th  of  Septem- 
ber 1758,  and  desire  that  you  will  be  so  kind  as  to  acquaint  me  of  any  mis- 
takes  you  may  find  in  the  computations.  For  that  purpose  I  have  sent  you 
the  heads  of  the  first  computation.  Five  out  of  the  six  observations  agree 
with  one  another  to  a  surprising  degree  of  exactness,  but  I  think  they  give 
the  long,  of  the  place  of  observation  too  much  westerly. 

As  Mr.  Brewer  seems  to  think  he  can  determine  the  times  of  the  appulses 
of  the  moon  to  the  meridian,  I  have  desired  he  will  send  you  the  exact  times 
of  the  transits  on  several  days  utwn  which  you  had  the  observations. 

I  hope  you  found  all  friends  well  in  Gloeestershirc;  and  I  am,  reverend  sir, 

Your  very  humble  servant, 

GAEL  MORRIS. 

1758,  Sept.  the  9th,  the  watch  37'  too  fast. 

The  equation  of  time  subt.  S7  .  .  40'  to  be  subtracted  from  the  time  by  the 

Ss2 
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watch,  to  give  the  equal  time  of  the  observation ;  and  supposing  the  ship  to 
have  been  5°  to  the  west  of  Greenwich,  then  the  equal  time  of  the  first 
observation  at  Greenwich  4h.  32'  20 ". 

To  that  time  the  true  place  of  O  5'  16°  51'  1"  and  of  J>  8*  5«  ST  28"  lat.  9"  48  36"  N. 

H.  <  •  - 

At  4  52  20  long.  west. 


11.  A.M.  H  231  43  50 

90"   *  23  7  10 

a  Venice    63  41  40 

Paralh  Angle    18  56 

App.dist.  >V   68  12 

App.  Long.  J   f    5  53  42 

O   "R  16  52  54 

Via.  Lat.  IN   3  1  17 

>  a  O  in  long   79  0  43 

App.  dist.  J  and  o    79  1  89 

Sum  semid"   —  81  22 


5  8  2, 


Long,  west 


78  30  17 
5  87 


The  two  laat  i 
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[To  the  Rev.  Dr.  Bradley.] 
glR  Bath,  Feb.  9,  1760. 

I  TAKE  the  liberty  to  present  you  with  a  small  book  containing  some 
illustrations  on  sir  Isaac  Newton's  theory  of  the  moon's  motion,  which  I 
composed  some  years  ago ;  and  having  communicated  it,  when  in  Italy,  to  a 
friend  tliere,  he  has  thought  fit  to  priut  it  since  I  left  that  country.  It  is  an 
imperfect  work,  but  you'll  please  to  accept  it  as  a  testimony  of  my  sincere 
regard  to  your  merit.    I  am,  sir, 

Your  obedient  humble  servant, 

CHARLES  WALMESLEY. 


[a  M.  le  Docteur  Bradley.] 
MoNSIEUB,  de  Pari8«  »  18  N0V-  1760 

JE  ne  scaurois  jamais  oublier  les  precieux  moments,  que  j'ai  eu  l'honneur 
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de  passer  en  compagnie  avec  tin  borame  si  celebre  que  vous,  Monsieur ;  mais 
l'accueil  favorable  et  taut  de  politesse,  que  vous  aves  eu  la  bonte  de  me  faire 
pendant  mon  sejour  en  Angleterre,  m'en  ferout  le  souvenir  cher  pour  tous- 
jours,  et  demandent  de  ma  part  la  reconnoissance  la  plus  vive,  dont  je  vous 
prie  d'etre  persuade.  Messrs.  Clairaut  et  l'Abbe  de  la  Caille  ont  recu  vos 
compliments  avec  beaucoup  de  plaisir,  s'interessant  beaucoup  pour  votre  saute" 
et  pour  tout  ce  qui  vous  peut  faire  du  plaisir.  Le  premier  disoit  qu'il  seroit 
charme  d'avoir  de  vos  nouvelles,  et  particulierement  de  s^avoir  votre  senti- 
ment sur  la  theorie  du  mouvement  des  cometcs,  qu'il  vous  a  envoyee  il  y  a 
quelque  terns.  C'est  un  travail,  qui  lui  a  cout«  bien  de  peine,  et  qu'il  a  raison 
de  croire  doit  remporter  le  prix  de  l'academie  de  Petersbourg  pour  l'annee 
1761.  M.  de  la  Caille  paroissoit  content  de  l'excuse  que  vous  m'ordonnies 
de  lui  faire  sur  ce  que  vous  n'aves  pas  pu  repoudre  a  sa  lettre  avant  que  ses 
Fundamcnta  Astronomiae  furcnt  im primes. 

Messrs.  Clairaut  et  d'Alembert  travaillent  inoessamment  a  donner  separe- 
ment  de  nouvelles  tables  de  la  lune  selon  des  corrections  qu'ils  ont  faites  a 
leurs  theories  deja  publiees.  C'est  a  l'avenir  ii  juger  de  Icur  perfection ;  mais 
selon  ce  que  M.  Clairaut  m'a  dit  lui -memo,  ses  tables  n'atteindront  pas  a  une 
telle  perfection  que  vous  m'aves  dit  que  celles  de  M.  Mayer  par  vos  correc- 
tions ont  dej&. 

M.  Pingre,  qui  quitta  Paris  Lundi  passe  nllant  a  l'isle  Rodrigues  pour  y 
observer  le  fameux  passage  de  Wnus,  se  plaignit  beaucoup  de  ce  qu'il  n'a 
pas  eu  r^ponse  a  sa  solicitation  d'obtenir  un  passeiiort  de  la  cour  d' Angleterre 
pour  la  surety  de  son  passage.  II  me  nomma  ce  Monsieur  Anglois  qu'il  avoit 
charge  du  soin  du  passeport  en  question,  mais  je  ne  me  souviens  pas  le  nom. 
M.  Gentil  de  Gallaifiere  partit  pour  Pondicheri  il  y  a  quelques  semaines,  et 
M.  l'Abbe  de  Chappe  s'en  ira  demain,  on  apres  demain,  par  Vienne  a*  To- 
bolski.  Ce  deniier,  apres  m'avoir  demande  de  quels  instruments  Monsieur 
Ma&kelyne  devoit  se  servir  pour  observer  le  passage  de  Venus  a  8*.  Helene, 
m'a  remis  une  note  dont  voici  le  contenu :  u  Par  la  comparaison  des  observa- 
"  tions  faites  1753  soit  a  Londres,  soit  a  Paris,  par  les  plus  habiles  astro- 
"  nomes,  on  a  reconnu  que  les  differences  considerables,  qu'on  a  trouve  dans 
«  l'entree  et  la  sortie  de  Mercure  du  disque  du  soleil,  provenoient  en  partie 
"  de  la  differente  longueur  et  bonte  des  lunettes  dont  on  a  fait  usage.  Cette 
"  merac  difference  est  d'autant  plus  a  craindre  dans  robservation  prochaine 
"  de  Venus  que  son  mouvement  est  plus  lento  que  oelui  de  Mercure.  Ces 
"  raisons  ont  determine  Messrs.  Cassini,  Pingre,  et  Chappe  d'Auteroche  de 
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"  faire  usage  dans  1'observation  de  Venus  de  lunettes  de  meine  bonte*  et  meme 
foy<-  de  19  pieds  avec  des  oculaires  de  deux  puuces  $,  et  d'observer  ensem- 

"  ble  les  satellites  de  Jupiter  pour  reconnoitre  la  difference  de  leurs  vues." 
Dans  une  lettrc  a  M.  le  Docteur  Birch  j'ai  rendu  compte  des  menioires 

qu'on  a  Ins  a  L'ouverture  de  l'Academie  des  Sciences. 

M.  de  Montucla  a  donne*  l'histoire  des  mathematiques  depuis  les  terns  lee 

plus  recules  jusqu'u  la  fiu  du  siecle  passe.  C'est  un  ouvrage  de  deux  volumes 

in-quarto,  et  si  je  ne  nie  trompe,  le  meilleur  dans  ce  genre  qui  a  paru  jusqu'ici. 

L'auteur  est  membre  de  l'Academie  des  Sciences  et  de  Belles  Lettres  de 

Berlin ;  mais  actuellement  a  Paris.   J'ai  l'honneur  d'etre,  avec  beaucoup  de 

respect  et  une  c  onsideration  particuliere,  Monsieur, 

Votre  tres-humble  et  tres-obeissant  serviteur, 
FERNER. 

P.  S.  Si  je  pourrois  vous  etre  utile  a  quelque  chose  ici,  j'en  serois  cbarme. 
Mon  addres8e  est  a  M.  le  Profess.  Femer  chez  Messrs.  Tourton  et  Baur,  rue 
des  Deux  Portes  vis-a-vis  la  rue  Beaurepaire  &  Paris. 


[To  the  Rev.  Doctor  Bradley  ] 
glH  Bath,  Feb.  11,  1761. 

AS  I  am  not  entirely  a  stranger  to  you,  I  hope  you'll  not  refuse  me  the 
favour  I  ask.  Reflecting  ujmmi  what  you  told  me,  when  I  waited  upon  you 
about  three  years  and  a  half  since,  that  you  had  observed  some  little  irregu- 
larity in  the  earth's  motion,  occasioned  by  the  action  of  Venus,  I  have  under- 
taken to  examine  by  theory  what  influence  Venus  and  the  earth  have  to 
disturb  one  another's  motions.  The  inequalities  of  Venus's  motion  I  hove  in 
a  great  measure  determined  ;  but  those  of  the  earth  arising  from  the  action 
of  Venus,  I  can  only  settle  by  supposition,  as  the  attractive  force  of  Venus  is 
unknown.  For  which  reason  I  must  desire  you'll  be  pleased  to  communicate 
to  me  some  account  of  these  deviations  in  the  earth's  motion,  as  you  have 
collected  them  from  your  accurate  olwervations,  that  by  them  I  may  be 
enabled  to  determine  the  attractive  power  of  Venus,  and  to  compute  its 
effects  in  all  cases  where  they  may  be  sensible,  as  also  to  see  how  near  theory 
and  oliservation  agree. 

As  I  find  astronomers  differ  in  assigning  the  proportion  of  the  real  diame- 
ters of  Venus  and  the  earth,  I  wish  you  would  also  let  me  know  your  estimate 
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of  it.  Any  observations  that  may  contribute  to  settle  the  derangements  in 
the  motions  of  Venus  and  the  earth,  I  shall  be  greatly  obliged  to  you  if  you 
please  to  impart  them  to  me ;  assuring  yourself  I  shall  make  no  other  use  of 
them  but  for  the  improvement  of  the  theory  of  astronomy,  and  for  your 
honour  and  credit.  The  result  of  my  labour  I  shall  address,  as  I  usually  do, 
to  yourself,  and  put  it  into  your  hands.  I  shall  just  mention  at  present  that 
I  find  that  by  the  action  of  the  earth  the  nodes  of  Venus  recede  24'  12"  in 
the  space  of  one  hundred  years,  and  6'  55"  by  the  actions  of  Jupiter  and 
Saturn ;  the  sum  31'  7",  if  subducted  from  1°  28'  50"  which  is  the  retrogres- 
sion of  the  equinoctial  points  in  the  same  time,  will  leave  52'  43"  for  the 
quantity  which  the  nodes  of  Venus  appear  to  advance  from  the  equinoctial 
points  in  100  years.  This  perhaps  may  be  of  use  for  determining  more 
exactly  some  particulars  of  the  passage  of  Venus  over  the  disc  of  the  sun. 
Hoping  you'll  grant  my  request,  I  remain,  sir, 

Your  very  humble  servant, 

CHARLES  WALMESLEY. 

Please  to  direct  to  me  at  the  Bell-tree 
house,  in  Bath. 


[To  the  Rev.  Dr.  Bradley.] 

Lyndon,  near  Uppingham,  Rt 

Rev.  Sir,  June  9' 

IT  was  very  clear  here  for  seeing  the  end  of  the  transit  of  Venus  over  the 
sun  on  Saturday  morning,  when  the  inner  contact,  which  I  could  fix  to  2"  or 
3"  was  at  8h.  16'  7",  and  with  a  15  feet  telescope  judged  the  entire  separa- 
tion to  be  34'  40";  but  that  cannot  be  so  nicely  determined,  for  had  not  I 
kept  my  eye  pretty  constantly  on  the  place,  I  could  hardly  have  distinguished 
it  for  the  last  minute.  18'  33"  for  the  time  Venus  was  passing  off,  is  less 
than  the  calculation,  but  as  a  light  body  on  a  dark  place  seems  larger  than  it 
is,  so  I  suppose  a  dark  spot  on  a  bright  body  will  seem  something  less,  as  I 
think  Mercury  did  when  seen  on  the  sun.  My  latitude  is  52°  38',  and  longi- 
tude about  2'  30"  of  time  west  from  Greenwich.  I  could  plainly  see  Venus 
on  the  sun  through  a  smoked  glass  without  a  telescope,  as  did  also  some 
others  who  were  here,  though  some  could  not. 

It  seems  very  strange  to  me,  that  if  Venus  has  a  satellite,  which  they 
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describe  as  about  the  size  of  our  moon,  and  at  a  like  distance,  M.  Cassini 
and  Mr.  Short  should  never  be  able  to  see  it  more  than  once,  nor  any  one 
else,  till  M.  Montagne  says  he  has  lately  seen  it  three  nights  at  Limoges ; 
whereas  by  the  size  they  mention,  one  would  expect  to  see  it  with  the  naked 
eye  when  Venus  is  near  us,  as  having  a  considerably  larger  apparent  diame- 
ter than  Mercury  or  than  Mars,  except  in  the  nearer  part  of  its  orbit  Its 
periodical  time,  as  fixed  by  M.  Montagne  at  Id.  7h.,  supposes  Venus  far  more  * 
than  the  sun  or  other  planets ;  for  the  moon  does  not  move  round  our  earth 
with  -ri  th  of  the  velocity,  nor  do  the  satellites  move  round  the  vast  body 
Jupiter  with  near  that  swiftness.  On  the  whole,  I  still  suspend  my  judgment 
about  it  till  the  affair  is  cleared  up,  as  I  have  done  ever  since  Mr.  Short's 
account  in  1740.  Meanwhile,  if  you  will  give  yourself  the  trouble  to  send 
me  your  opinion  about  that,  as  well  as  the  transit  of  Venus,  it  will  much 
oblige,  sir, 

Your  very  humble  servant, 

THOMAS  BARKER. 

*  So  in  the  MS. 


[To  the  Rev.  Dr.  Bradley.] 

Cambridge,  New  England, 
Rev.  Sib,  21  1761 

BY  the  advice  of  his  excellency,  Francis  Bernard,  Esq.,  governor  of  this 
province,  I  lay  before  you  an  observation  of  the  transit  of  Venus,  which  by 
his  Excellency's  patronage  I  was  enabled  to  make.  I  flatter  myself  it  will 
meet  with  a  candid  reception,  and  prove  of  service  in  this  affair. 

I  beg  leave  to  subscribe,  with  the  utmost  respect,  reverend  sir, 

Your  most  obedient  humble  servant, 

JOHN  WINTHROP. 

»%  This  observation  was  afterwards  communicated  to  Short,  and  will  be  found  in 
the  Phil.  Trans,  vol.  LIV.  p.  279  There  is  another  letter  from  Winthrop  to  Bradley, 
dated  May  19,  17G0,  communicating  an  observation  which  he  had  made  (Oct.  lT-k'3) 
of  the  transit  of  Mercury,  &c.  which  was  afterwards  printed  in  the  Phil.  Trans,  vol. 
LIX.  p.  505.  The  only  additional  circumstance  to  be  collected  from  it  is,  that  the 
egreas  is  given  in  apparent  time. 
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The  following  letter  appears  to  have  been  written  to  Hadley  in  reference  to  the  trials 
of  his  sextant,  which  are  detailed  in  the  Phil.  Trans,  vol.  XXXVII.  p.  341.  The  copy 
of  it  has  neither  date  nor  address,  and  was  in  consequence  misplaced  at  the  time  when 
the  part  of  the  correspondence  was  printed,  in  which  it  ought  to  have  been  inserted.  It 
belongs  most  probably  to  the  latter  part  of  173«. 

Sir, 

I  AM  much  obliged  to  you  for  the  particular  account  you  sent  me  of  the 
observations  we  made  with  your  instruments  on  shipboard;  but  could  I 
return  you  thanks  equal  to  your  deserts,  it  must  not  be  in  my  own  name, 
but  of  the  public,  that  will  doubtless  reap  infinite  advantage  from  your  noble 
invention.  I  hope  you  have  already  in  some  measure  shared,  and  will  long 
live  to  enjoy,  that  pleasure  and  satisfaction  which  must  attend  actions  and  dis- 
coveries beneficial  to  so  great  a  part  of  mankind ;  since  the  result  of  the 
experiment  sufficiently  proves,  that  your  invention  will  be  of  singular  use  to 
all  sailors,  and  instrumental  in  saving  the  lives  of  thousands ;  a  reflection  this 
that  cannot  but  be  very  entertaining  to  one  of  an  humane  and  generous  dis- 
position. As  for  my  own  part,  though  I  was  extremely  pleased  at  the  first 
sight  of  your  instrument,  yet  I  can't  help  receiving  fresh  and  additional 
satisfaction  every  time  I  reflect  on  it  or  look  into  the  results  of  our  observa- 
tions, since  from  them  I  am  now  convinced,  that  by  means  of  this  con- 
trivance, we  may  observe  at  sea  with  a  degree  of  exactness  that  'twas  before 
vain  to  expect,  and  which  will  undoubtedly  contribute  very  much  towards 
the  perfection  of  navigation,  not  only  in  determining  the  latitude  to  great 
exactness,  and  thereby  correcting  the  course  as  usually  measured  by  the  log ; 
but  if  ever  the  moon's  theory  is  completed,  'twill  be  of  the  utmost  conse- 
quence in  determining  the  longitude  likewise.  I  could  not  have  imagined  it 
possible  to  observe  with  so  much  certainty  on  so  unsteady  an  observatory,  as 
I  perceive  I  did,  when  we  lay  at  anchor  at  Sheerness ;  and  the  observations 
made  the  next  day,  when  under  sail,  make  me  inclined  to  think  that  a  little 
practice  will  be  sufficient  to  enable  any  one  to  take  the  latitude  in  tolerable 
weather,  without  an  error  of  a  single  minute.  As  to  the  irregularities  among 
the  observations,  the  greatest,  evidently,  appear  to  be  mistakes  in  reading 
the  divisions,  which  by  practice  may  soon  be  avoided :  in  the  first  series  of 
observations  that  I  made,  Sept.  1,  there  seems  so  regular  an  alteration  in  the 
errors,  that  whatever  the  cause  of  them  was,  that  regularity  is  sufficient 
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proof  of  the  exactness  with  which  observations  may  in  general  be  made; 
but  the  next  series,  made  by  your  brother,  seems  to  intimate  that  a  practised 
seaman  may  yet  observe  more  accurately  than  either  of  us.  The  circum- 
stances, as  you  observe,  of  an  imperfect  horizon,  may  be  one  cause  that  con- 
tributes to  the  inconsistency  of  some  of  the  observations ;  and  the  inaccuracy 
of  noting  the  exact  time  may  somewhat  add  to  the  errors;  though  I  don't 
apprehend  that  the  inequalities  of  the  watch's  motion  during  an  hour  or 
two  will  materially  afreet  observations  of  this  kind.  I  should  rather  think 
the  rising  and  falling  of  the  ship  upon  the  waves  might  be  a  cause  of  some 
disagreement,  because  that  must  sensibly  alter  the  visible  horizon ;  for  if  we 
suppose  the  mean  height  of  the  eye  to  be  about  11  feet  above  the  still  or 
level  sea,  agreeable  to  your  allowed  dip  of  S^,  and  suppose  a  wave  to  raise 
the  ship  six  or  seven  above  the  mean  height,  and  likewise  depress  it  as  much 
below,  there  will  be  a  difference  of  &  in  the  observations  taken  on  the  top  and 
the  bottom  of  the  wave.  But  though  this  cause  may  occasion  a  greater  apparent 
disagreement  in  a  series  of  observations,  yet  I  don't  apprehend  that  the  con- 
clusion drawn  from  the  mean  of  all  will  be  much  less  certain  than  if  the 
agreement  had  been  greater,  as  'twould  undoubtedly  be  in  smooth  water. 

Upon  the  whole,  I  think  there  is  reason  to  conclude  that  your  instruments 
will  answer,  or  even  exceed,  the  expectations  of  the  most  sanguine,  and  do 
honour  to  the  inventor  by  the  eminent  service  'twill  be  of  to  mankind ;  which 
is  the  hearty  wish  of,  sir, 

Your  most  obliged  humble  servant, 

J.  BRADLEY. 


[To  Mr.  Nash.] 

gIU)  Aug.  24.  [no  year.] 

THE  small  time  I  was  with  you  yesterday  not  allowing  me  fully  to 
explain  what  I  thought  would  be  the  most  proper  method  for  your  brother 
to  make  use  of,  in  order  to  determine  the  situation  of  the  axis  of  the  sun's 
revolution,  and  its  inclination  to  the  plane  of  the  ecliptic,  I  shall  now  beg 
leave  to  give  you  my  thoughts  on  that  subject. 

From  what  you  then  told  me,  I  understood  that  your  brother's  way  of 
observing  the  spots  was  by  transmitting  the  image  of  the  sun  through  a 
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telescope,  and  receiving  the  same  at  some  distance  behind  the  eyeglass  upon 
a  board  or  the  like,  on  which  he  had  drawn  a  circle  of  the  same  diameter 
that  he  would  have  the  sun's  image  appear,  and  to  which  he  made  it  exactly 
agree,  by  putting  the  circle  nearer  or  farther  from  the  telescope  as  occasion 
required ;  and  when  the  image  and  circle  exactly  coincided,  he  noted  the 
point  on  the  board,  &c.  where  a  spot  fell.    But  by  what  you  then  told  me, 
he  had  no  particular  way  of  knowing  thereby  the  position  of  the  spot,  in 
respect  to  the  ecliptic  or  equator,  which  is  necessary  in  order  to  find  the 
situation  of  the  pole  of  the  sun's  motion,  and  the  time  of  its  revolution. 
Indeed,  if  he  noted  the  day,  hour,  and  minute  of  his  observations,  and  took 
care  always  to  keep  his  board  in  such  a  position,  with  respect  to  the  horizon, 
that  if  its  under  edge  was  straight,  it  might  lie  always  parallel  to  the  horizon, 
which  by  the  description  you  gave  me  was  always  the  case  in  his  method 
of  observing:  I  say,  if  the  observations  he  has  already  made  are  thus 
circumstantiated,  he  may  from  them  determine  the  position  of  the  spot  with 
respect  to  the  equator  or  ecliptic.    For  at  the  time  of  observation,  he  must 
by  calculation  determine  the  angle  made  between  the  ecliptic  and  the  vertical 
circle  passing  through  the  sun's  centre,  and  then  on  his  board  draw  a  line 
through  the  centre,  making  the  same  angle  with  the  perpendicular  line,  and 
this  line  will  represent  the  ecliptic  on  the  sun's  disc. 

For  instance,  we  will  suppose  RRSS  the  board  on  which  the  image  is 
cast ;  the  plane  of  this,  I  suppose,  he  always  keeps  at  right  angles  to  the  axis 
of  his  telescope,  and  likewise  the  side  SS  always  parallel  to  the  horizon ; 
then  VCN  drawn  through  C,  the  centre  of  the  circle  perpendicular  to  SS, 
will  represent  the  vertical  circle  passing  through  the  sun's  centre,  (Fig.  10.) 

If  then,  for  the  time  of  his  observation,  he  calculates  the  angle  made  be- 
tween the  vertical  and  ecliptic,  (the  method  for  doing  of  which  he  will  find 
in  Street's  Astronomy,  in  the  chapter  about  calculating  the  sun's  eclipse,)  and 
then  makes  the  angle  VCE  equal  thereto,  the  line  IE  will  represent  the 
ecliptic  on  the  sun's  disc,  and  CP  drawn  perpendicular  to  CE  will  represent 
the  circle  of  longitude  passing  through  the  sun's  centre,  and  P  the  pole  of 
the  ecliptic.  Suppose  now  S'  was  the  place  of  a  spot  marked  upon  his  paper 
or  board ;  then,  in  order  to  find  the  real  longitude  and  latitude  of  the  spot, 
as  seen  from  the  sun's  centre,  it  will  be  necessary  to  find  the  longitude  and 
latitude  of  that  point  of  the  sun's  disc  represented  by  S'.  In  order  to  this, 
we  will  suppose  the  sun  to  be  at  an  infinite  distance,  (for  the  error,  when 
greatest,  that  will  arise  from  this  supposition,  will  not  make  an  error  of 
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above  12'  in  the  spot's  place;  and  127  on  the  sun's  surface,  when  viewed 
from  the  earth,  subtends  an  angle  but  of  two  or  three  seconds,  which  is  a 
nicety  that  our  best  observations  must  not  pretend  to ;)  I  say,  we  will  suppose 
the  sun  at  an  infinite  distance,  and  then  VENP  may  be  conceived  to  repre- 
sent the  sun's  disc  projected  orthographically ;  in  which  projection,  the 
circles  of  longitude  will  be  represented  by  ellipses  drawn  through  the  poles 
P,w,  and  the  circles  of  latitude  by  straight  lines  parallel  to  the  ecliptic  EC.  If, 
therefore,  through  S',  the  point  representing  the  place  of  the  spot,  you  draw 
the  line  parallel  to  the  ecliptic  EC;  from  the  nature  of  the  orthographic 
projection  it  is  evident  that  the  arch  E  b  will  be  the  latitude  of  the  spot,  and 
making  CE  radius,  Ca  is  the  sine  of  the  spot's  latitude;  and  again,  making 
ab  radius,  aS'  will  be  the  sine  of  an  angle  equal  to  difference  of  longitude 
between  the  spot  and  sun's  centre.  And  therefore  that  angle  added  to  or 
subtracted  from  the  sun's  longitude,  according  as  the  spot  is  to  the  east  or 
west  of  CP,  will  give  the  true  longitude  of  the  spot,  as  viewed  from  the 
sun's  centre.  But  here,  instead  of  taking  the  sun's  longitude  as  seen  from 
the  earth,  you  are  to  take  the  point  opposite  thereto ;  because  for  determin- 
ing the  spot's  place,  you  must  suppose  yourself  in  the  centre  of  the  sun.  For 
instance,  if  the  sun  was  in  the  beginning  of  Aries,  then  that  point  of  the 
sun's  disc  which  to  us  appears  in  the  centre,  if  viewed  from  the  sun,  would 
be  in  the  beginning  of  Libra ;  and  so  for  the  rest. 

After  this  manner  he  may  determine  the  longitude  of  a  spot  at  the  several 
times  of  observation ;  from  which  places,  so  determined,  the  inclination  of 
the  sun's  equator  to  the  ecliptic,  as  also  the  point  of  its  intersection  there- 
with, may  be  found.  In  order  to  this,  three  observations  of  the  same  spot 
are  sufficient,  if  they  are  made  with  sufficient  exactness,  and  at  pretty  good 
intervals  from  each  other,  the  farther  the  better,  (aeteris  paribus.) 

Let  us  now  suppose,  that  the  longitude  and  latitude  of  the  same  spot,  as 
viewed  from  the  sun's  centre,  is  given  in  three  different  situations ;  (for  ex- 
ample, I  will  suppose  any  thing,)  the  longitudes,  for  instance,  at  the  three 
times  to  be 

8     o  S.    o  S.  o 

0  10  3  18  6  19 

The  latitudes  south...    16$  G±  4  10' 

Then  upon  a  pasteboard,  or  the  like,  I  draw  a  circle  as  big  as  I  please  (as 
Fig.  10.)  r  s>  syf  representing  the  ecliptic  upon  a  plane,  of  which  I  would 
now  project  the  sphere  stereographically,  supposing  the  eye  in  the  north  pole 
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of  the  ecliptic.  Then  C,  the  centre  of  the  circle  r  as  *  w,  will  represent  the 
south]  pole  thereof,  and  straight  lines  drawn  from  C  will  represent  circles  of 
longitude,  and  the  circles  of  latitude  will  be  also  represented  by  circles 
parallel  to  the  primitive  circle;  then  from  the  nature  of  the  projection,  the 
distance  of  the  circles  of  latitude  from  the  pole  C  must  be  set  off  by  taking 
the  tangents  of  half  the  distance  of  those  circles  from  the  south  pole.  In 
order,  therefore,  to  set  down  the  places  of  the  spot  on  the  projection  for  the 
first  observation,  I  take  the  arch  ra  =  0'  10°  and  draw  the  line  Ca,  repre- 
senting the  longitude  of  the  spot  in  the  first  observation,  and  from  the  centre 
C  towards  a,  I  set  off  CI  equal  to  the  tangent  of  half  the  spot's  distance  from 
C,  the  south  pole  of  the  ecliptic :  that  is,  equal  to  the  tangent  of  36°  52^. 
In  like  manner,  for  the  second  observation,  I  take  rB  =  38  18°,  and  C2  = 
tangent  of  41°  52^;  and  for  the  third,  I  make  the  angle  rCD  =  6*  19°,  and 
set  off  C3  =  tangent  of  42°  55'.  Then  through  the  points  1,  2,  3,  I  draw  a 
circle,  whose  centre  I  find  to  be  in  E.  Then  a  line  drawn  from  C  through  E 
will  give  the  longitude  of  the  pole  of  the  spot's  revolution,  which  in  the  pre- 
sent case  will  be  TF,  and  CH  will  be  the  tangent  of  half  of  the  spot's  nearest 
distance,  and  CG  the  tangent  of  half  its  farthest  distance  from  the  south 
pole.  Therefore  half  its  least  distance  in  degrees  subtracted  from  half  its 
greatest,  gives  the  inclination  of  the  ecliptic  to  the  sun's  equator ;  and  half  its 
greatest,  added  to  half  its  least,  gives  the  distance  of  the  spot  from  the  pole 
of  its  revolution.  Thus  in  the  present  case,  I  found  C  H  =  tangent  of  36% 
and  CO  =  tangent  of  43°£.  Therefore  the  inclination  is  7a,  and  the  distance 
of  the  spot  80*  from  the  pole  of  its  revolution.  All  this  follows  from  the 
nature  of  the  stereographic  projection,  and  upon  supposition  that  the  spot 
is  fixed  to  the  sun's  surface.  For  the  sun  revolving  about  its  axis,  the  spot 
will  describe  a  circle  parallel  to  the  sun's  equator,  as  I  may  call  it ;  and  all 
circles  on  the  sphere  are  projected  into  circles  likewise  upon  the  plane  of 
the  stereographic  projection :  therefore  the  place  of  the  spot,  when  laid  down 
in  this  projection,  will  be  in  the  circumference  of  a  circle,  whose  centre  may 
be  determined  from  three  given  points,  and  not  less,  which  is  the  reason  why 
I  require  three  places  of  the  same  spot  to  be  observed.  From  the  nature 
likewise  of  the  stereographic  projection,  the  centres  of  all  the  lesser  circles  are 
in  the  same  line  of  measures,  as  it  is  by  some  called,  with  the  centre  of  the 
great  circle,  to  which  upon  the  globe  they  arc  parallel ;  so  that  by  determin- 
ing the  longitude  circle  of  one,  whether  a  greater  or  a  lesser  circle,  you 
determine  the  longitude  of  all;  and  consequently,  the  centre  of  the  circle 
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representing  the  sun's  equator,  which  in  this  case  is  the  pole  of  the  spot's 
revolution. 

The  longitude  of  the  pole  of  the  spot's  revolution,  and  its  distance  from 
the  pole  of  the  ecliptic,  being  thus  determined,  you  may  then  proceed  to 
determine  the  time  of  the  sun's  revolution  about  its  axis.  In  order  to  which 
you  must  calculate  the  angle  at  the  pole  of  the  spot's  revolution,  between  the 
first  and  last  observation,  which  may  be  done  thus:  Suppose  C  (Fig.  11.)  the 
pole  of  the  ecliptic,  and  E  the  pole  of  the  spot's  motion,  CE  the  circle  of 
longitude  passing  through  them,  CI  =  to  the  complement  of  the  spot's  lati- 
tude at  the  observation  =  73°  45'  and  E 1  =  to  the  distance  of  the  spot  from 
the  south  pole  of  its  equator  =  80°,  and  the  angle  lCE  =  to  the  difference  be- 
tween the  longitude  of  the  spot  in  the  first  observation,  and  the  longitude  of  the 
pole  E  =  4»  5',  then  CEl  being  considered  as  a  spherical  triangle,  it  will  be 
as  the  sine  of  IE  to  the  sine  of  CI,  so  is  the  sine  of  ICE  to  the  sine  of  the 
angle  CEl.  In  the  same  manner  you  may  find  the  angle  CES  in  the  last. 
And  having  thus  got  the  angle  1 E  3,  say,  as  that  angle  in  degrees  is  to  360, 
or  the  whole  circumference,  so  is  the  time  between  the  first  and  third  observa- 
tions to  the  whole  time  of  its  revolution. 

JAMES  BRADLEY. 

#%  ThU  letter  was  published  in  the  Gentleman's  Magazine  for  1780,  vol.  L.  p.  605. 
It  was  communicated  by  an  anonymous  correspondent,  who  says,  that  it  was  an  "  ori- 
"  ginal  letter  of  the  late  Rev.  Dr.  Bradley,  Astronomer  Royal,  to  Mr.  Nash,"  which 
had  fallen  into  his  hands  by  chance. 


APPENDIX 

CONTAINING 

OBSERVATIONS  OF  PULLEY'S  COMET  IN  THE  YEAR  1607. 


THE  Baron  de  Zach  found  these  observations  in  1784  among  Harriot's 
papers,  which  had  descended  to  the  Earl  of  Egremont  from  Henry,  Earl  of 
Northumberland.  The  Baron  published  them  in  1793 but  so  very  inac- 
curately, that  it  seemed  right,  with  Lord  Egremont's  permission,  to  reprint 
them  faithfully  from  the  original  manuscripts. 


Die  15.  Sept.  .  , 

1607,  hora  10«i  p.  m.    Long.  10  21  Q 

Lat.    33  18 
hora  2»  ejusdem  1  Lo.     12  27  Q. 
noctis.        j  33  24 

Mr.  Standish  at  Oxford  saw  it  and  observed  itb. 


1607.  Sunday  nighte,  Sept.  IS.  When  clarke  was  absente  for  smith.  I 
saw  it  not. 

thursday  mid  nighte,  17-  I  saw  it  first  at  illford  combe,  it  appeared  under 
the  greate  beare  in  a  line  that  might  be  imagined  issuynge  from  the  upper  of 
the  four  starres  of  the  bodie  passing  betweene  the  two  lower  and  opposite, 
crossing  the  more  westerlie  of  two  of  the  3  or  4  mag.  that  were  then  under 
the  beare  and  parallell  to  the  horison  and  so  forth  till  itt  cut  the  said  blaser 
in  a  point  of  that  line  wher  a  perpendicle  did  fall  from  the  utmost  starre  of 
his  tayle.  his  traine  did  reach  to  the  said  more  westerlie  starre,  but  in  lesse 
than  an  hower  seemed  to  bee  something  declined  from  the  said  starre  west- 
ward, the  starre  was  of  the  second  magnitude  fere,  his  traine  was  nubelous. 

»  In  the  first  supplement  to  Bode  s  Jahrbuch. 

*»  These  two  observations  are  written  by  Harriot  on  one  of  his  memorandum-papers. 
In  another  place  he  has  copied  out  the  first  of  them,  and  noted,  "  Mr.  Standish  at  Ox- 
"  ford  saw  it  the  15th,  at  10$  p.  HI." 
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t'rid  ay  9.  hora.  at  night.  18.  I  saw  it  att  ckidwellie.  wher  I  was  told  it  was 
wondred  att  the  night  before,  but  itt  was  moued  verie  farre  to  the  westward 
and  was  now  come  almost  into  the  right  line  of  the  diagonall  drawne  from 
the  former  upper  star  of  the  greate  beare,  it  was  att  that  time  in  position 
with  another  starre  parallell  to  the  horison  from  whom  it  was  distant  as 
farre  as  ether  of  the  two  side  starres  of  the  greate  beare  are  one  from  an 
other,  and  so  much  or  more  it  was  moued  from  the  place  I  saw  it  in  the 
night  before,  the  traine  was  nothing  so  longe,  whether  it  were  because  the 
moone  now  showne  that  the  night  before  was  sett,  or  because  I  now  beheld 
it  more  earlie  and  it  increased  afterward  in  length  and  brightnesse,  as  wee 
thought  during  the  litle  time  1  looked  uppon  it,  it  appeared. 

Saturday.  Sunday.  Munday  clodie.  tuesday  22d,  7  hora  att  mount  <•  Mar- 
tin with  my  crosse  staffe,  I  observed  it 

from  bootes,  6"  44'.  from  lyra,  53°  10'.  from  ultima  cauda?,  31°  40'. 

Wensday  23,  from  bootes.   hora  septima.  octava  fere,   octava  et  amplius 

10°  53'  12°  Hf  12°  56' 

from  ultima  cauda?,  36  50 

from  lucida  lyra?,     52    1   magnitudinis  ultima?  caudae. 
Thursday,  24.  hora,  7.  from  bootes,  ...17°  0' 

ultima  cauda?   42  0 

lucida  lyra?  51  50 

friday  25  clodie 


[To  his  especial  1  good  friend  Mr. Thomas  Harriotte  att  Sione  neere  London.] 
Sept:  30.  Llanihenglef  Abercowen,  Cairmarthen. 
1607,  Sept.  13.    Lookinge  upon  the  starres,  and  especiallie  above  the 
greate  beare,  ther  was  no  new  phenomene. 

t  Baron  dc  Zach  has  substituted  Illford  Combe  in  this  place  for  Kidwelly,  the  name 
of  which  town  he  has  entirely  suppressed :  by  this  alteration,  the  place  of  observation 
has  been  removed  into  Devonshire,  contrary  to  the  distinct  declaration  of  the  writer. 

1  B.  de  Zach  could  not  make  out  this  name,  but  it  is  perfectly  clear  in  the  manu- 
script :  and  within  half  a  mile  from  Kidwelly,  on  the  side  next  to  Carmarthen,  there  is 
an  eminence  with  a  house  on  it,  which  is  still  called  Mount  Martin. 

«  B.  de  Zach  gives  a  long  note  (c  p.  10.)  to  determine  the  precise  place  where 
Harriot  made  his  observations,  and  argues  that  "  Sion,  near  London,"  must  l>e  under- 
stood to  mean,  not  the  well  known  mansion  of  the  Earl  of  Northumberland,  but  Sion 
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17.  Passing  over  the  sea  into  Wales  aboute  midnighte  going  abord  I  saw 
a  Comete.  it  appeared  under  the  greate  beare  in  a  line  that  mighte  bee  ima- 
gined issyinge  from  the  upper  of  the  foure  starres  of  the  bodie,  passinge  be- 
tweene  the  two  lower  and  opposite  crossing  the  more  westerlie  of  the  two 
that  were  then  under  the  beare  and  parallell  to  the  horison  and  so  forth  till 
it  cutt  the  said  biasing  starre  in  a  point  of  that  line,  wher  a  perpendicle  did 
fall  from  the  utmost  starre  of  his  tayle. 

his  traine  did  reach  to  the  saied  more  westerlie  starre,  but  in  lesse  than 
an  hower  seemed  to  be  something  declined  from  the  saied  starre  westward, 
the  starre  was  of  the  magnitude  of  thos  of  the  greate  beare  and  his  traine 
was  nubulous. 

18.  it  was  moued  farre  to  the  westward,  and  was  now  come  almost  into  a 
righte  line  of  the  diagonall  drawen  from  the  former  upper  starre  of  the  greate 
beare.  but  thes  observations  were  as  I  iournicd  without  instruments,  now  I 
am  come  to  my  owne  house  and  crosse  staffe  that  I  sent  downe  for  measuring 
of  land,  so  the  observations  that  follow  are  more  artificiall. 


Distantia  Comets. 


ii  bootc . 

.h  ultima 
chu.U-  l.'.mtj. 

•  lnri<U 
Ivt». 

horn  / 
>«prrtin«. 

22 

644 

si  k 

53  10 

23 

12  10 

36  50 

52  0 

24 

17  0 

~ 42  0 

51  50 

25  ' 

me  obscrva 

nte 

Cloud  it.'. 

~  26 

24  32 

.50  10 

50  48 

27 

28  15 

53  20 

51  54 

28 

Willm  Low 

er« 

I  was  a  gue»i|>inge. 

29     |   3:4  30 

58  20 

53  30 

longitudocaud*5*  15'. 

ita  ut  molus 

ejus  est  ab  < 

iriente  per  s 

college,  in  London,  which  in  truth  had  no  existence  till  several  years  after  Harriot's 
death.  Harriot  was  descril>ed  in  his  epitaph  as  being  "  de  Syon  ad  flumen  Thamesin," 
and  there  can  be  no  doubt  that  he  resided  and  observed  in  Sion  House,  on  the  banks  of 
the  Thames,  between  Brentford  and  Isleworth. 

The  letter  is  evidently  drawn  up  from  the  preceding  notes,  which  are  in  the  same 
handwriting  with  it. 

'  B.  de  Zach  reads  this  Slani  Eegle  Aberrcoroen,  and  thinks  that  it  may  have  been 
a  seat  of  Lord  Abercorn.  All  that  he  deduces  from  this  must  of  course  be  erroneous. 
Llanfihangcl  Abercowcn  is  a  town  lying  a  few  miles  to  the  south-west  of  Carmarthen. 

I  B.  de  Zach  entirely  onto  this  name,  as  well  as  «  me  observante,"  which  are  con- 
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distantia  Comets',  1607.  ah 


bora  wptimi. 

bo0le». 

un»  majoria 

lucid*  lyre. 

ratpcrtitiR. 

30 

58  20 

53  30 

nox  serenissima  ubi  lit- 
tior  et  accuratior  observa- 
tio  longitude*  eaudic  5"  15' 

cloudie. 

64  10 

fridav   2 

cloud  it*. 

cloudie. 

40  50 

66  20 

55  30 

cau-  "I  tendebat  versus 
da-  1  meridiem  et  ze- 
tis-  ?  nitli.  ipsa  stella 
si-  I  iam  po&ita  in 
ma.  J  Opluucho. 

munday             5   41  40 

67  2 

56  20 

68  30 

57  20 

HARRIOT'S  OBSERVATIONS'. 

1607,  Sept.  21 k.  Khora  8.  30'  p.m. — Seen  on  (18)  fryday  before,  by  Sir 
Allen  p.  and  two  or  three  days  before  that  by  others. 

nected  with  it,  and  without  the  slightest  authority,  says,  that  the  letter  was  from  Na- 
thaniel Torporley,  who  certainly  never  wrote  it.  There  are  manuscripts  of  his  in  the 
library  of  Sion  College,  which  are  in  quite  a  different  hand.  The  Earl  of  Egremont 
gave  a  number  of  Harriot's  papers  to  the  British  Museum,  and  among  them  there  is  a 
letter,  the  writing  of  which  is  precisely  the  same  with  that  which  is  here  printed.  It  is 
signed  "  William  Lower,"  and  is  dated  from  "  Ira'  kenti,  on  Mount  Martin,  6  Feb. 
"  1610."  Tbe  Lowers  were  a  Cornish  family,  (see  Gilbert's  Survey  of  Cornwall,  vo|. 
II.  p.  192.)  and  the  individual  in  question  made  his  6rst  observations  at  Ilfraeombe,  ami 
in  crossing  from  thence  to  the  opposite  coast  of  South  Wales. 

h  Lower,  in  his  letter  of  the  30th  of  Sept.,  gave  the  observations  previous  to  that  day. 
We  have  now  a  separate  account  of  all  which  he  made  from  Sept.  22,  to  Oct.  6;  but  it 
was  thought  unnecessary  to  reprint  the  first  of  them.  The  entry  of  September  29  is, 
however,  inserted,  because  it  contains  some  additional  notices  in  the  last  column.  B.  de 
Zach  has  mixed  up  together  the  contents  of  Lowers  three  papers,  without  marking 
what  belonged  to  each. 

<  These  are  written  on  four  half-sheets  of  foolscap,  and  consist  of  the  notes  which 
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Corpus  aqual?  arcturo,  cauda  ad  oppositum  O  nam  extendebatur  paulum 
infra1  d  et  versus  occ.  long.  SC  obscura  propter  lumen  Luna?. 
Corpus  ad  partes  orientales  rect«  ad,  paruni  circitermig 


Sept.  22  <f  hora  8».  p.m. 


bf 
af 
ab 
ad 
bd 
cd 
ae 

H 


6  40 
6  46 

10  0 

11  20 

4  30 
14  35 

5  0 

12  40 

11  o 


Sept.  23.  J  hora,  7».  0*  p.  m. 

bh  11  30 
ah    11  45 


Sept.  24.    hora  6J 
bk    16  45  )  14, 45",  +  na  ul  potui 
ak    16  40  (    propter  nubes. 

mk     8    81  ,bk  lr(r 

ak    16  .50 


mk  8  8)  f 
gm  20  23  [-hora  8*  0'\ 
ma   25  10)  I1 


Crosse  changed  and  newe  and  no  paralaxis 
considered. 


Harriot  made  with  a  pencil.  It  is  much  to  be  regretted  that  some  one  has  taken  the 
unwarrantable  liberty  of  tracing  them  over  with  ink,  and  has  by  that  means  substituted 
his  own  unauthorized  version  for  the  original  documents.  This  is  the  more  unpardon- 
able, because  the  person,  whoever  he  may  have  been,  was  unable  to  make  out  correctly 
either  the  English  or  the  Latin. 

k  The  observations  of  Sept.  21,  2,  3,  4,  are  contained  in  the  first  half-sheet,  together 
with  a  drawing  illustrative  of  them,  which  is  copied  in  Fig.  12.  In  it,  as  well  as  in  Fig.  13 
and  14,  the  small  Italic  letters  are  those  which  were  found  in  the  manuscript,  and  Bayer's 
references  with  the  names  of  the  constellations  have  been  added  (between  bracket*)  to 
each,  that  the  explanation  might  be  more  perspicuous. 

1  B.  de  Zach,  implicitly  following  the  penman,  has  printed  "  extendebatur  paulum 
"  infra,  dispersus  occ."  If  these  words  were  supposed  to  imply  that  the  tail  extended 
below  the  comet,  they  would  contradict  the  other  part  of  the  sentence  as  well  as  the  fact; 
for  at  the  time  of  Harriot's  observation  the  sun  had  set  little  more  than  two  hours,  and 
the  comet  was  near  the  western  horizon.  The  difficulties,  however,  do  not  belong  to  the 
original  MS. — the  word  immediately  preceding  occ.  is  versus,  and  before  that,  it  is  easy 
to  see  in  the  pencil  marks,  which  still  remain,  that  Harriot  had  written  &,  his  way  of 
forming  which  contraction  has  been  mistaken  for  a  p ;  i  and  *  have  been  interpolated 
to  make  out  the  word ;  no  pencil  marks  appear  of  these  letters,  and  certainly  there  is  no 
dot  nbove  the  line,  to  indicate  that »  had  been  written  there. 

"'  B.  de  Zach  has  printed  this  as  belonging  to  the  23d,  instead  of  21st  of  Sept. : 
"  ad,"  which  refers  to  the  line  in  Fig.  12.  drawn  from  a  to  d,  has  l>ecn  mistaken  by 
him  for  the  word  "  at,"  otherwise  be  must  have  seen  his  error. 

■  B.  de  Zach  omits  the  numbers,  and  reads  "  plus  non  potui."  Now  14,  45  ar 
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1607,  Sept.]) 28.  hor.  7*(30')° 

kb   26  30  (25  6) 
ka    26  30 
28  10 

at  rectangles  with  the  line  qr.  g. 


Cauda  longior  ista  nocte  ob 
Corpus  lucidum  2*  magt.  i. 


per  xr 


5  50 
625 

12  10 


kl 
Im 


lo 

>q 

l£  circiter  vel 


5  43 

6  37 

ran  135 
km  12  21 
8  30 
5  0 


1,  m,  p,  in  recta 
1  infra  rcctatn  mk 
ircaig. 


clear,  and  so  is  the  word  "  lit,"  which  he  has  taken  the  liberty  of  omitting.  It  is  very 
improbable  that  the  symbol  of  addition  should  have  been  substituted  for  the  won! 
"  plus ;"  and  what  immediately  follows  has  been  so  marred  by  the  penman,  as  to  make  it 
difficult  to  ascertain  what  it  originally  expressed.  Nothing  therefore  remained,  but 
to  print  faithfully  what  seemed  to  be  indicated  by  the  MS.  On  Sept.  29,  the  same  cross- 
mark  is  prefixed  to  an  observation  which  is  designated  as  "  dubia."  To  radius  100,  14 
is  the  tangent  of  T  58*  and  45  is  the  tangent  of  24*  14'.  If,  therefore,  we  suppose  that 
Harriot  after  observing  bk  and  ak  had  endeavoured,  as  he  did  afterwards  at  8  o'clock, 
to  take  mk  and  ma,  these  numbers  would  not  be  far  wide  of  the  measures:  they  would 
both  be  too  small,  and  it  must  be  acknowledged  that  the  tangents  on  his  cross  are  after- 
wards entered  to  radius  1000;  but  this  is  a  rough  observation  on  which  he  placed  no 
dependence.  It  is  possible,  therefore,  that  the  memorandum  may  mean  "  14,  45  were 
"  the  tangents,  but  Uiis  is  uncertain,  for  I  took  them  as  I  could  on  account  of  the 
"  clouds." 

°  The  second  half-sheet  contains  the  observations  of  Sept.  28,  with  the  drawing  from 
which  Fig.  18.  is  copied.  This  is  afterwards  referred  to,  wherever  the  comet's  place  is 
designated  by  the  letter  /;  kb  and  ka  connect  them  with  Fig.  12;  this  docs  not  appear  to 
have  occurred  to  11.  de  Zach,  who,  possibly  from  not  seeing  their  meaning,  has  omitted 
these  quantities  altogether.  He  has  likewise  omitted  the  mark  over  the  second  column, 
which  may  indicate  that  the  object  was  brought  into  contact  with  the  rod :  28*  1C 
may  be  intended  to  give  the  distance  of  *  in  Fig.  13,  from  d  the  second  star  from  6  in 
Fig.  12. 

P  B.  de  Zach  has  omitted  these  three  last  words ;  he  possibly  had  a  difficulty  in  making 
them  out,  but  fortunately  they  have  been  unmarked  by  the  penman,  and  there  can  be 
no  doubt  about  them.  It  would  have  been  well  if  he  had  equally  abstained  from  touch- 
ing what  follows  corpus  lucidum.  The  comet  on  the  21st  appeared  equal  to  Arcturas, 
it  had  now  diminished  and  come  down  to  the  2d  magnitude ;  the  words  in  pencil  may 
yet  be  clearly  made  out,  although  they  have  been  written  over  in  ink.  To  complete  his 
blunder,  the  penman  has  interpolated  an  h,  and  led  D.  de  Zach  into  the  mistake  of 
printing  "  hora  2  mane,"  for  which  there  is  not  the  slightest  authority. 
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9 Sept.  29.  S  ho.  7*  per  intervalla  observat. 
kl    138    T  52' 
+lm     78   4  28  dubia 
mo=lo  visu,  120  6*  60" 
Cauda  respiciebat  borealiorem  humeri  dextri  ophiuchi  et  longiorem  vidi- 
mus ista  node  quam  antea,  usque  ad  (o)  circiter,  quasi  7°  0'  (rara).  (o)  orien- 
talior  parum. 
Corpus  2"  magtr  i.  et  satis  clarum. 


1  Cometa*. 

Oct.  3.  »?  hora  7*. 

lm  37  2  7 
lp  1164  6  88 
lo  1434  8  12 
lq  128  718 
In  65  backe  16  vert  0=  55' 
+  Cauda  ad  australem  humeri  dextri  et  inferius  rara*  et  obscura. 
Corpus  minus  2"  magt. 

kn  ■■  as  nm"  7  52 

Cometa  infra  rectam  mp  circiter  \  g,  m  supra  rectam  lk.        5  43 

2  9 

q  The  third  half-sheet  contains  the  observations  for  Sept.  29,  Oct.  3  and  5 }  the 
numbers  which  now  precede  the  degrees  and  minutes  are  the  tangents  on  the  cross-staff 
which  belong  to  them,  the  radius  being  taken  as  1000. 

•  B.  dc  Zach  has  here  again  printed  "  2».  mane,"  where  the  true  reading  is  still  more 
clear  than  before. 

•  This  notification  of  the  letter  /  now  being  generally  used  to  denote  the  place  of  the 
comet  is  omitted  by  the  B.  dc  Zach. 

'  This  word  has  been  left  in  pencil,  and  therefore  no  doubt  can  be  entertained  about 
it.  B.  de  Zach  reads  "  cauda... inferius  visu,  kc."— for  the  next  line  he  has  printed 
"  corpus  minus  2"  hora  mane." 

u  There  is  annexed  to  this,  a  drawing  which  is  copied  in  Fig.  14.  It  is  possible  that 
kn  may  not  mean  the  distance  of  n  from  the  point  k  in  the  figure,  but  from  the  place  of 
the  comet.  This  supposes  Harriot  to  have  returned  to  the  notation  used  on  the  24th  of 
Sept.  which  is  liable  to  objection ;  but  no  better  explanation  has  occurred.  B.  dc  Zach 
has  omitted  this  part. 
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Oct.  5.  <J  6».  |j  Oct.  6.  $?  h.  7*.  r 

Ira  ImllOdub.  6M8' 

lo  181  10'  17'  lo 
lq  175  9  57  dubia*  lq 
lp     66     3  47  lp 

In  |l  In 

Oct.  13.  <J  hora  6». 

Itn   162     9  1* 

lo     260    14  39 

lp      42     1  24 

Ir     181    10 18 
'ml    171     9  45 
lp,  et  borealis  humeri  dextri  ophiuchi  in  recta  linea. 
Corpus  =  p.  fere. 
Cauda  obscurissima. 

Oct.  22.  H 

It  a  was  reasonable  clear"  inough  to  have  sene  the  comet,  but  for  the  light 
of  the  mone,  and  for  hanzines  of  the  horizontal  ayre.  for  the  two  knees 
wold  scarce  be  sene  sometimes,  and  at  the  first  they  wold  seme  but  as  starres 
of  the  4th  magt. 


*  Dubia  belongs  only  to  lq.  B.  de  Zach  has  printed  it  so  as  to  connect  it  likewise  with 
the  two  other  observations. 

r  The  fourth  half-sheet  contains  the  observations  of  Oct.  6, 13,  and  22. 

•  The  penman  has  here  again  been  doing  mischief.  B.  de  Zach,  in  consequence,  has 
not  been  able  to  make  out  any  tiling ;  but  in  the  pencil  marks,  which  yet  remain  un- 
obliteratcd,  the  letters  m  and  /  may  be  imperfectly  traced ;  it  appears,  therefore,  that 
Harriot  gives  a  second  measure  of  the  distance  of  the  comet  from  the  star  m,  from  which 
it  was  now  receding. 

'  B.  de  Zach  reads  this:  "  it  was  a  reasonable  cloud  •  •  to  have  sene."  But 
the  "  a"  between  "  it"  and  "  was"  is  certainly  redundant,  and  as  certainly  there  is  no 
such  word  as  «  cloud"  in  the  MS. ;  the  fourth  letter  in  it  is  an  "a,"  and  the  last  is  not 
carried  up  above  the  line,  or  at  all  similar  to  Harriot's  final  "  d."  Although  the  penman 
has  been  here  at  work,  there  can  be  no  difficulty  with  respect  to  the  two  first  letters,  and 
very  litde  about  the  word  as  it  is  now  printed.  Zach  could  not  make  out  that  which 
follows,  but  as  the  two  first  letters  have  only  been  inked,  there  can  be  no  doubt  of  what 
has  been  written  in  pencil. 
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I  thought  I  saw  him  with  much  a  do  betwixt  the  knees,  but  lower  and 
according  to  his  proportion  of  motion  as  he  sholbe  in,  as  gathered  by  confer- 
ence with  my  papers. 

[It  was  in  this  place  that  Harriot  had  x  175  x 

inserted  the  memorandum  of  StandislTs  x  135  x 

observations.  See  P .  51 1 .  ] 


Harriot  also  left  some  observations  of  the  comet  of  1618,  but  they  are  of 
less  importance,  and  not  particularly  connected  with  the  present  publication : 
some  few  remarks,  therefore,  on  the  manner  in  which  B.  de  Zach  has  giveu 
them  will  be  sufficient.  His  text  contains  all  Harriot's  measures,  and  with 
the  following  corrections  may  be  applied  to  any  useful  purpose. 

The  originals  consist  of  two  parts :  the  rough  entries  in  pencil,  which,  like 
those  of  the  comet  of  1607,  have  been  disfigured  by  being  traced  over  in  ink, 
and  a  collection  of  the  observations  written  out  by  Harriot's  own  pen.  These 
have  not  been  kept  separate,  as  they  ought  to  have  been,  that  the  reader 
might  judge  for  himself  of  what  was  the  first  impression  on  Harriot's  mind, 
and  what  might  be  considered  to  be  his  final  opinion.  The  following  cor- 
rections must  likewise  be  made. 

Nov.  20.  "  Cometa  visus  hie  a  quibusdam  die  9  nocte"  should  be 

"  a  quibusdam  9.  di.  ante" 
"  Tycho  33°  l'f  should  be  "  Tycho  S3'  IV 

Dec.  1.  "  hor.  5j  by  the  clock  of  Thistlworth"  should  be  "  by  the  clock  of 
«  Thistleworth." 

This  is  the  way  in  which  al»out  the  time  of  Q.  Elizabeth  (Lysons's  Envi- 
rons of  Loudon,  vol.  III.  p.  79-)  it  was  usual  to  call  the  village  of  Islewortb. 
Sion  House  is  situated  in  that  parish ;  if  therefore  it  were  possible  to  enter- 
tain any  doubt  of  the  place  where  Harriot  made  his  observations,  it  must  be 
completely  removed  by  this  reference  to  the  town  clock. 

There  is  a  rough  drawing  annexed  which  exhibits  the  tail  of  the  comet 
extending  38°,  and  reaching  a  little  beyond  "  4"m.  x  Bayero." 

Dec.  4.  Harriot  says,  "  ho.  p.  m.  I  saw  the  comet  N.  W.  almost  in  a 
"  right  line  with  the  two  uttermost  stars  of  the  tayle  of  the  beare,  and  19*4 

distant  from  the  top  of  the  tayle"  (of  the  bear)  "  or  nere.  The  tayle"  (of  the 
comet)  "  dim  and  pointing  to  the  lowest  and  nearest  of  □." 
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B.  de  Zach  has  altered  the  time  to  "  .'>}.  mane :"  probably  because  the 
other  observations  were  all  taken  in  the  morning ;  but  it  escaped  his  recol- 
lection that,  at  this  season  of  the  year,  the  tail  of  the  Great  Bear  is  in  the 
western  hemisphere  at  5£  o'clock  in  the  evening. 

In  the  latter  part  likewise  he  has  made  some  mistakes,  where  he  reads 
"  19°£  distant  from  the  top  of  the  tayle  near  the  tayle  and  pointing  to,  &c." 
There  is  a  part  with  a  dotted  line  of  red  ink  drawn  under  it,  and  B.  de  Zach 
has  written  also  in  red  ink,  on  the  side  of  the  observation  paper,  "  N.  B.  Ce- 
"  ruso  scripta  atramento  expinxi,  quaedam  non  sunt  legenda,  diflkileque  intel- 
"  lectu,  tamen  nullius  momenti."  Now,  in  the  part  so  marked,  the  original 
pencil-writing  has  fortunately  been  left  untouched,  and  it  is  neither  illegible 
nor  difficult  to  be  understood :  it  likewise  completes  the  sense,  which  is  rather 
obscure  from  the  omissions  which  the  Baron  has  made  in  the  text.  Harriot 
had  written,  in  the  place  referred  to,  "  or  fere  nere,"  and  he  drew  his  pencil 
through  the  Latin  wheu  he  added  the  English  word  in  the  place  of  it. 

The  last  distance  is  said  to  be  taken  "  platice,"  a  word  which  the  Baron 
mentions  as  unintelligible :  it  is  not  indeed  classical  Latin,  but  it  was  used 
commonly  in  the  middle  ages  when  any  thing  was  done  roughly  or  with- 
out minute  accuracy. 

In  the  MS,  "  12"  15'"  are  not  annexed  to  the  comet  in  the  way  in  which  they 
are  printed.    They  are  taken  from  the  fair  copy;  in  the  rough  entry  we  find 

Cotneta  obscurus  f — cauda  aliquando  8°  11°. 
Cauda  versus  infimam  et  proxiraani  □  Ursa. 

This,  however,  is  the  penman's  version;  the  f  probably  is  only  Harriot's 
contracted  way  of  writing  "  et"  which  connected  the  two  first  words  with  what 
was  to  follow.  He  did  not  make  the  sign  of  equality  exactly  as  we  do,  but 
drew  two  upright  lines  in  the  middle  between  those  which  were  horizontal 
and  parallel.  What  we  have  therefore  after  f  was  probably  nothing  but  a 
mark  to  fill  up  the  space  which  had  been  left  in  writing ;  there  is  something 
similar  in  the  MS.  between  "  cauda"  and  "  aliquando." 

Dec.  8.  Intervallum  ought  to  be  intervalla.  There  are  also  some  little 
variations  of  expression  between  the  rough  entry  and  the  fair  copy,  but 
nothing  that  affects  the  sense.  The  same  woidd  apply  to  some  other 
days. 

Dec.  1 1 .  This  day's  observations  have  not  been  written  out  in  ink  by  Har- 
riot, and  it  would  have  been  well  if  that  office  had  not  been  attempted  by 
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some  later  hand;  there  might  then  have  been  a  chance  of  recovering  parts 
of  them  which  have  been  omitted  in  the  printed  copy :  but  written  over  as 
they  have  been  in  ink,  it  requires  more  conjectural  emendations  to  elicit  sense, 
than  it  might  be  right  or  useful  to  apply  to  them. 

In  Harriot's  Table,  as  printed  at  p.  84,  there  are  some  corrections  which 
are  necessary. 

N°.  I.  the  hour  of  observation  (5£)  is  omitted,  and  in  the  last  column 
0'  should  be  ff. 
5.  a  belongs  to  this  observation,  and  not  to  N°.  4. 
8.  i»P  belongs  to  this,  and  not  to  N°.  7. 
extreme  difference  in  Lat.  for  15"  read  25": 
At  the  end,  "  Summa"  belongs  to  66"  59!  22";  and  "  Distantia,  &c."  to 
66°  35'  50":  a  distinction,  which  is  lost  by  the  arrangement  used  in  printing 
the  quantities. 

"  Some  notes  concerning  this  comet  1618"  (p.  36.)  have  been  mislaid,  and 
the  MS.  could  not  be  found  in  order  to  compare  what  has  been  printed  from 
it  with  the  original. 

So  much  has  been  said  about  Harriot's  papers,  that  the  subject  cannot  be 
dismissed  without  some  further  notice.  After  fi.  de  Zach  had  found  them, 
he  entertained  the  wish  of  preparing  a  certain  portion  for  the  press.  In 
1786  he  accordingly  applied  to  the  University  of  Oxford  to  print  the  work 
for  him,  which,  upon  his  undertaking  to  provide  the  necessary  apparatus  and 
illustrations,  was  immediately  agreed  to.  Instead  however  of  fulfilling  this 
engagement,  he  at  last  transmitted,  in  1794,  merely  a  certain  number  of  the 
papers,  which  he  had  selected  from  the  rest.  These  were  put  into  the  hands 
of  the  late  Dr.  Robertson,  whose  report  on  them  may  be  seen  in  Dr.  Brew- 
ster's  Edinburgh  Philosophical  Journal,  vol.  VI.  p.  316.  It  was  decidedly 
against  any  publication  being  undertaken ;  and  the  papers  were  accordingly 
restored  to  the  Earl  of  Egremout,  with  whom  they  have  ever  since  re- 
mained. 

B.  de  Zach  had  previously  published,  in  1793,  what  he  had  prepared  on 
the  comets  of  1607  and  1618,  and  his  having  in  this  manner  preoccupied 
the  ground,  made  it  now  necessary  to  enter  into  many  verbal  remarks,  which 
might  otherwise  have  been  avoided.    Among  the  other  papers,  the  two  most 
remarkable  collections  are  the  observations  of  the  spots  on  the  sun,  and  of 
the  satellites  of  Jupiter.     These  are  certainly  very  curious  as  original 
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records  of  early  observations ;  but  the  curiosity  depends  chiefly  on  this  par- 
ticular circumstance.  We  should  learn  nothing  new  from  facsimiles  of 
Harriot's  drawings  of  the  solar  spots,  and  of  the  configurations  which  Jupi- 
ter's satellites  presented  to  him,  especially  as  none  of  these  last  are  so  early 
as  Galileo's.  For  the  rest  of  the  astronomical  papers,  it  is  painful,  but,  in 
due  regard  for  the  truth,  it  is  necessary  to  state,  broadly  and  unequivocally, 
that  no  dependence  is  to  be  placed  on  the  account  which  was  published  of 
them  in  the  Berlin  Ephemeris  for  1788,  and  of  which  a  translation  has  been 
so  widely  circulated  in  this  country. 
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P.  iv.  was  printed  before  Sir  J.  Horschcll  had  made  his  valuable  communication,  on 
double  stars,  to  the  Astronomical  Society  in  1831. 
P.  vii,  lxx,  Ixxii,  lxxv,  for  "  Foulkes"  read  «  Folkcs." 
P.  vii,  note  y,  add,  "  MSS.  in  Bodleian  Library." 
P.  xiv,  note  «,  "  Smith  drawing  of  it,"  add,  "  (see  P.  96.  note  c") 
P.  xv,  line  23,  "  1802,"  read  "  1803." 
P.  xxiv,  line  12,  "  for  he  says,"  read  "  and  he  says." 
P.  xxxviii,  line  29,  "  Stawwcll,"  read  "  SuweU." 

P.  li,  note  *,  line  3,  "  for  fifteen  years;  but  probably  not  so  long,  as  he  went,  &c." 
read  "  for  fifteen  years,  but  probably  not  so  long ;  he  went,  Sec." 
P.  lxviii,  note    "  Lemonnier,"  read  "  Le  Monnier." 

P.  xc.  The  latter  part  of  note '  ought  to  have  been  omitted.  Unequal  pressure  would 
alter  the  position  of  the  frame. 

The  half  title  prefixed  to  p.  93.  ought  to  have  been  dated  MDCCCXXXI. 

P.  134,  line  5,  from  bottom ;  "  It  should  be  north,"  ought  to  have  been  added,  as  it 
has  been  written  on  the  opposite  page  of  the  MS.  by  Molyneux.  The  observation 
of  die  19th  of  December  raised  some  suspicion  of  the  accuracy,  with  which  the  mark  had 
been  placed  on  the  limb  of  the  instrument ;  it  is  to  this  doubt,  that  we  are  most  pro- 
bably indebted  for  the  important  observation  of  the  21st.  There  can  be  no  mistake 
about  the  direction,  in  which  the  star  was  found  to  be  moving ;  but  Bradley  and  Moly- 
neux seem  to  have  differed  respecting  the  point,  to  which  they  referred  the  relative 
terms  of  north  and  south. — See  P.  133,  and  again  P.  173,  174. 

P.  217,  line  6,  from  bottom,  1  29,5  read  1  24,5 
233,  line  17,  5  0,4  —  5  0,5 

320,  last  line,  192,6  —    162,6  .  , 

841,  note  >>.  The  latitude  of  Greenwich  in  Halley's  Tables  is   51  28  30 

The  north  declination  of  4  Geminorum   23   0  5 

It  appears  therefore  that  the  mistake  consists  in  "  declination"  having  been  written 
for  "  zenith  distance"  at  Greenwich. 

P.  360,  note  k.  The  following  memorandum  was  found  in  a  handwriting  which  ap- 
peared to  be  Mason's. 

"  Sept.  30,  and  Oct.  8,  1726,  by  60  observations,  Dr.  Bradley,  by  a  micrometer  fitted 
"  tolSf.  telescope,  and  also  by  many  observations  made  with  a  chronometer  or  timepiece 
"  which  he  could  stop  at  quarter  of  seconds,  by  which  he  took  the  time  of  the  sun's  pass- 
"  ing  a  wire,  and  then  found  his  diameter  by  turning  the  time  into  motion ;  he  says, 
«  set  ©  mean  diameter  at  (apparent)    32"  2" 

«  greatest   32  35 

"  least   81  30 
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"  in  the  Connaissance,  1760,  it  is  said,  Dr.  B.  fixed  the  least  at  81'  28" ;  but  it  is  a 

"  mistake." 

P.  416.  The  portion  of  Dr.  Bevis's  letter*  which  is  omitted,  has  been  alluded  to  in 
P.  xliii.  of  the  Memoirs;  it  is  now  therefore  subjoined,  that  the  reader  may  be  enabled 
to  form  his  own  judgment  on  it. 

"  You  may  remember  I  spoke  to  you  of  this  when  I  had  the  pleasure  of 

"  seeing  you  at  Newington :  and  because  I  hope  that  your  sagacity  or  future  trial  may 
"  solve  this  difficulty,  which  I  take  to  be  a  matter  of  some  importance;  and  that  by  what 
"  olhx-rvations  I  have  likewise  made  with  the  telescope  of  the  mural  quadrant,  which 
"  you  know  is  hung  on  a  separate  wall  in  a  quite  different  manner  from  the  transitory, 
"  it  obtains  there  too,  and  probably  may  do  so  in  other  fixed  instruments,  if  not  in  all ; 
"  I  will  take  leave  to  describe  the  manner  of  it  as  succinctly  as  I  can. 

"  Our  mark  is  of  this  form  (<?;,  fixed  about  600  yards  southward,  and  on  a  level  with  the 
"  instrument,  and  very  nearly  in  the  plane  of  the  meridian.  It  is  about  a  yard  above  the 
"  ground  on  the  remaining  trunk  of  a  large  dead  oak,  and  so  scarce  liable  to  any  local 
"  motion.  However,  not  to  be  deceived  in  this  essential  particular,  I  fixed  another  mark 
"  on  the  ground,  just  under  it,  and  found  that  both  were  at  all  times  affected  alike. 
"  If  the  cross  hairs  be  brought  at  noon  to  bisect  the  mark,  thus  0,  the  cross  will  soon 
"  begin,  and  continue  to  advance  apparently  westward,  (the  image  being  inverted,)  but 
"  really  eastward  on  the  mark  till  sunset,  when  it  usually  was  seen  thus  V ;  and  if  it 
"  be  let  alone  without  farther  rectification  till  next  morning  at  sunrise,  it  will  appear 
"  thus  but  had  it  been  rectified  in  the  evening  to  the  middle  of  the  mark,  it  would 
"  then  be  seen  next  morning  still  farther  eastward  apparently,  but  really  wesl- 
"  wardf.  This,  sir,  is  the  constant  fact,  saving  that  the  deflection  is  always  least  when 
"  there  is  least  sunshine.  And  if  the  sun  shines  not  at  all  for  a  whole  day,  and  more 
"  especially  if  it  be  a  rainy  day,  it  is  scarce  sensible.  Whether  the  cause  operates  at  all 
"  in  the  night  time  I  cannot  say,  having  found  it  very  difficult  to  illuminate  the  mark  so 
"  as  to  make  it  distinct  at  such  a  distance.  Only  this  I  am  sure  of,  that  when  the  instru- 
"  ment  has  been  carefully  rectified  at  noon,  without  any  new  rectification  in  the  evening, 
"  this  sort  of  observations  which  I  now  send  you  have,  upon  the  whole,  agreed  much 
"  the  best  with  one  another.  All  that  I  am  able  to  guess  about  it,  with  any  shadow  of 
"  probability,  is,  that  the  sun's  heat,  by  rarefying  the  air  more  in  that  quarter  from 
"  whence  it  shines  than  elsewhere,  may  perhaps  occasion  an  azimuthal  refraction,  whereby 
"  an  object  seen  on  the  meridian  when  the  sun  is  in  that  vertical,  may,  when  it  is  re- 
"  moved  from  thence,  appear  out  of  it  the  contrary  way,  as  the  nature  of  refraction 
"  should  seem  to  require.  But  this  I  propose  only  as  a  conjecture,  to  be  examined  by 
"  farther  trial." 

P.  412,  496,  "de  Lisle,"  read  "de  ride." 

P.  496,  "  Flamstead,"  read  Flamsteed." 

•  •'  If  the  instrument  be  rectified  at  noon,  "  it  will  be  then  found  true  to  the  mark  in 
"  and  not  rectified  again  before  the  next  noon,    "  any  weather." 
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